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Preface 


There are many excellent textbooks in the disciplines of Radiology and Pathology. However, 
no current textbook includes both radiologic and pathologic descriptions of disease entities. It 
is our impression that, although Radiologists are certainly very well-versed in the intricacies 
of Radiology, they are less familiar with the vast amount of knowledge available regarding the 
underlying pathology of the entities that they encounter in their diagnostic work. The editors 
of this book are both deeply interested in diseases of the genitourinary tract, as well as gyne- 
cologic diseases, and have worked together to create a number of scientific and educational 
publications in those fields, each of us contributing materials from our own specialties: 
Pathology in Dr. MacLennan’s case, and Radiology in Dr. Dogra’s case. Our mutual interest in 
these fields led us to believe that it would be beneficial, from an educational standpoint, to cre- 
ate one or more textbooks that would describe current genitourinary and gynecologic radio- 
logic imaging and diagnostic techniques, and whenever possible, to embellish the radiologic 
material with descriptions of the pathology of the genitourinary disease entity under discus- 
sion. With the help of many dedicated and highly respected colleagues, and our publisher, we 
have done that to the best of our abilities. We hope the reader finds our offerings helpful. 


Gregory T. MacLennan, M.D. 
Vikram S. Dogra, M.D. 
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Renal Neoplasms 


Mehmet Ruhi Onur, Shweta Bhatt, Vikram S. Dogra, 
and Gregory T. MacLennan 


Introduction 


The incidence of kidney cancer has been increasing steadily 
for the past 65 years. Kidney cancer incidence and mortality 
rates are more than twice as high in men as in women. Renal 
cell carcinoma (RCC) accounts for 3 % of adult malignan- 
cies. Although RCC comprises the majority of solid renal 
neoplasms, benign tumors constitute a significant proportion 
of surgically resected renal masses. Ultrasound is the first 
method in evaluation of patients with suspected renal mass. 
Computed tomography (CT) is useful in detecting and char- 
acterizing renal masses and in staging renal malignancies 
(Table 1.1). Magnetic resonance imaging (MRI) can reveal 
internal structure of the lesions. 


Benign Renal Neoplasms 


Benign renal neoplasms are classified according to the cell 
type of the tumor (Table 1.2). 
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Oncocytoma 


General Information 

e Solid epithelial neoplasm. 

e Represents between 10 % and 15 % of small (<3 cm) 
solid renal neoplasms. 

e Typical presentation of oncocytoma is between sixth and 
seventh decades. 

e Incidence of bilateral oncocytoma is 5 %, and bilateral 
multifocal oncocytoma is <2 %. 


Table 1.1 Renal mass CT protocol 


Oral (750 mL of water) and 
intravenous contrast (120 mL) 
ST: 5 mm 

RT: 0.5 s 


SA: Top of the liver to bottom 
of the kidneys 


ST: 5 mm 

RT: 0.5 s 

RI: 2.5 mm 
ScT: 30 s delay 


SA: Top of liver to bottom of 
the kidneys 


ST: 5 mm 

RT: 0.5 s 

RI: 2.5 mm 

ScT: 80 s delay 

SA: Top of liver to symphysis 
pubis 

ST: 5 mm 

RT: 0.5 s 

RI: 2.5 mm 

ScT: 5 min delay 


SA: Top of liver to bottom of 
kidneys 


Contrast 


Noncontrast images 


Corticomedullary phase 


Nephrographic phase 


Delayed phase 


ST section thickness, RT rotation time, SA scanning area, RI reconstruc- 
tion interval, ScT scanning time 
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Imaging 

Ultrasound 

e Ultrasound is nonspecific and shows usually a smooth well- 
defined renal mass with mixed echogenicity (Fig. ). 

Computed Tomography 


e Well-defined mass with smooth, rounded margin. 

e Usually solitary, but may be multiple and/or bilateral. 

e Calcifications are rare. 

e Small oncocytomas are usually homogeneous in appear- 
ance on contrast-enhanced CT scans. 

e A central, sharply defined stellate scar is present in 
25-33 % of large oncocytomas and is highly suggestive of 
the diagnosis (Fig. ). A central scar can also be seen 
in renal cell carcinoma, particularly chromophobe RCC. 


Table 1.2 World Health Organization (WHO) classification of benign 
renal neoplasms 


Mixed epithelial 
Renal cell Metanephric Mesenchymal and mesenchymal 
tumors tumors tumors tumors 
Oncocytoma Metanephric Angiomyolipoma Cystic 
adenoma nephroma 
Renal Metanephric Leiomyoma Mixed 
cortical stromal tumor epithelial and 
(papillary) stromal tumor 
adenoma 
Metanephric Hemangioma 
adenofibroma 
Lymphangioma 
Reninoma 
Fibroma 
Schwannoma 
Congenital 
mesoblastic 
nephroma 
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e CT cannot distinguish between an oncocytoma and RCC. 

Magnetic Resonance Imaging 

e Oncocytoma is isointense to hypointense to the normal 
renal parenchyma on T1-weighted images and has a vari- 


able appearance on T2-weighted images (Fig. ). 
e Central scar as in CT suggests the diagnosis of oncocy- 
toma (Fig. d). 


e Postgadolinium enhancement of oncocytoma is less than 
the surrounding normal renal parenchyma. 

Angiography 

e Spoke-wheel pattern, homogenous nephrogram, and a 
smooth margin 


Pathology 

e Oncocytoma is derived from the intercalated cells of renal 
collecting tubules and accounts for about 5 % of surgi- 
cally excised renal neoplasms (Figs. and 1.4). 

e Males are affected about twice as often as females, and 
average patient age is 62 years. Rare cases in children 
have been reported. 

e Although oncocytoma is usually asymptomatic, and most 
are discovered incidentally, it presents occasionally with 
the “classic triad” of hematuria, flank pain, and palpable 
abdominal mass. 

e Most oncocytomas are solitary, but rare cases of multiple 
oncocytomas arising in a single kidney (renal oncocy- 
tomatosis) occur, and in 4 % of cases, oncocytoma is 
bilateral. It is considered benign. 


Papillary Adenoma 


e Papillary adenomas are 5 mm or less in diameter in size 
and typically subcapsular in location. 


Fig. 1.1 Oncocytoma. (a) Gray-scale ultrasound demonstrates a well-defined mass (arrow) isoechoic to the renal parenchyma. (b) Color flow 
Doppler ultrasound reveals prominent peripheral and minimal internal blood flow 
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Fig. 1.2 CT and MRI findings of oncocytoma. (a) Axial CT image at 
nephrogram phase demonstrates avidly enhancing large mass arising 
from right kidney with stellate shape central scar tissue (arrow) which 
shows no enhancement. (b) Axial T1-weighted MRI of same patient 
reveals hypointense right kidney mass (arrow). (c) The lesion has 


Fig. 1.3 Oncocytoma. Renal oncocytomas are typically solid and 
mahogany brown, less often tan to pale yellow and well circumscribed, 
with varying degrees of encapsulation. They range from 0.3 to 26 cm in 
greatest dimension. About one-third show central scarring; infrequently, 
they exhibit hemorrhage, focal cystic degeneration, tumor extension 
into perirenal fat, and, rarely, tumor growth into large blood vessels 


intermediate signal intensity on proton density image (arrow). (d) Axial 
fat-saturated T1-weighted image after intravenous gadolinium adminis- 
tration reveals contrast enhancement of mass (arrow). Unenhanced cen- 
tral region of the lesion represents scar (*) 


e They are very common, being found in 21 % of patients 
overall, in 10 % of patients aged 21—40 years, and in 40 % 
of patients aged 70-90 years, and they are particularly 
common in patients undergoing chronic dialysis, being 
present in 33 % of patients with acquired cystic renal 
disease. 

e Since by definition they are 5 mm or less in diameter, they 
are not detectable by radiological studies. 


Metanephric Neoplasms 


e Metanephric neoplasms are a heterogeneous group of 
renal neoplasms that include metanephric adenoma (epi- 
thelial tumor), metanephric stromal tumor (stromal neo- 
plasm), and metanephric adenofibroma (mixed epithelial 
and stromal neoplasm), all of which are considered 
benign. A single well-documented case of metanephric 
adenosarcoma has been reported. 
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Fig. 1.4 Oncocytoma. 
Oncocytoma is composed mainly 
of round to polygonal cells with 
densely granular eosinophilic 
cytoplasm, round uniform nuclei 
with smoothly distributed 
chromatin, and a central 
nucleolus. Mitotic figures are 
absent or rare. Findings that 
exclude the diagnosis of 
oncocytoma include areas of 
clear cell or spindle cell 
carcinoma, prominent papillary 
architecture, macroscopic or 
conspicuous microscopic 
necrosis, significant numbers of 
mitotic figures, and atypical 
mitotic figures 


Metanephric Adenoma 

General Information 

e Metanephric adenomas account for 0.2 % of adult renal 
epithelial tumors. 

e Metanephric adenoma is asymptomatic in approximately 
50 % of patients; abdominal pain and hematuria are com- 
mon clinical symptoms. 

e Polycythemia, a characteristic finding seen in approxi- 
mately 10 % of patients with metanephric adenoma, com- 
pletely resolves after surgical resection. 


Imaging 

Ultrasound 

e Their appearance on sonography is variable. Exophytic 
solid lesion with irregular contours and cystic areas within 
the lesion may be observed. 

Computed Tomography 

e Well-demarcated and round lesions. 

e These tumors are usually solitary and hyperdense on 
unenhanced CT and are hypovascular on enhanced CT. 

e Calcification is seen in 20 % of tumors. 

Magnetic Resonance Imaging 

e These tumors are hypo- or isointense on T1-weighted and 
slightly hyperintense on T2-weighted MRI sequences. 


Pathology 
e Metanephric adenoma is the commonest of a class of rare 
renal tumors that also include metanephric stromal tumor, 
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Fig. 1.5 Metanephric adenoma. Metanephric adenoma ranges from 
0.3 to 20 cm in diameter. It is typically unilateral and unifocal and is 
either unencapsulated or invested with only a limited and discontinuous 
pseudocapsule. Tumors are tan to gray to yellow, soft to firm, and most 
are solid, but some have areas of hemorrhage, necrosis, and cystic 
degeneration, as exemplified in this image. Calcifications are often 
present in solid areas or in the walls of cystic structures 


metanephric adenofibroma, and metanephric adenosar- 
coma (Figs. 1.5 and 1.6). 

e It occurs in children and adults and is twice as common in 
females as in males. 

e It is usually asymptomatic, although some patients have 
been noted to have polycythemia; most cases have been 
discovered incidentally. Its biologic behavior is benign. 


1 Renal Neoplasms 


Fig. 1.6 Metanephric adenoma. 
Metanephric adenoma is 
composed of very small acini 
separated by variable amounts of 
acellular edematous or hyalinized 
stroma. Tumor cells are closely 
spaced, often overlapping, and 
have minimal cytoplasm. Their 
nuclei are small and dark and 
lack nucleoli; mitotic figures are 
absent or rare. About half of 
cases show papillary structures 
consisting of polypoid fronds or 
short papillary infoldings within 
tubular or cystic spaces, 
producing a glomeruloid 
appearance (arrow) 


Metanephric Stromal Tumor 

General Information 

e Rare benign stromal tumor of the kidney. Most are diag- 
nosed in the first decade of life. Presenting symptom is 
usually abdominal mass. 


Imaging 

Ultrasound 

e Heterogeneous mass with solid and cystic components. 
Solid component is isoechoic to renal parenchyma. 

Computed Tomography 

e Hypodense mass on unenhanced CT with lobulated 
contours. 

e Contrast-enhanced CT reveals slight peripheral nodular 
contrast enhancement on delayed venous phase. 

Magnetic Resonance Imaging 

e Lesions show low signal intensity on T1l-weighted 
images. Only cystic portions can be visualized sepa- 
rately from renal parenchyma on T2-weighted 
images. 

e Contrast enhancement pattern is similar to CT. 


Metanephric Adenofibroma 

e Occurs in children and young adults. 

e Comprised of a mixture of stromal elements (identical 
to those in metanephric stromal tumor) and well- 
defined areas of immature epithelium (tubules and 
papillae). 


Mesenchymal Neoplasms 


Angiomyolipoma (AML) 

General Information 

e AMLs are benign neoplasms composed of blood vessels, 
smooth muscle, and fatty tissue. 

e May be sporadic as well as associated with tuberous scle- 
rosis. Sporadic occurrence is much more common, 
accounting for 80-90 % of cases of AML (Fig. 1.7a-c). 

e Upto 80 % of patients with tuberous sclerosis have AMLs, 
which are usually multiple and bilateral (Fig. 1.8a—d). In 
tuberous sclerosis, tumors of various types arise in the 
brain, retina, kidneys, heart, and skin (Fig. 1.8e, f). 

e Larger tumors may be symptomatic presenting with pain, 
hematuria, and intratumoral hemorrhage. 


Imaging 

Ultrasound 

e Round or oval well-circumscribed tumors. These tumors 
may be exophytic or intracortical. 

e AMLsare identified on ultrasound by the intense echogenic 
appearance of the fat within these tumors (Fig. 1.7a). 

e Although highly suggestive, echogenicity is not pathog- 
nomonic of AMLs and may also be rarely seen in RCCs. 

e Sometimes they may appear heterogeneous secondary 
to hemorrhage and necrosis (Fig. 1.9). They have high 
propensity to hemorrhage when larger than 4 cm in 
size. 


SAG RT kidney 


Fig. 1.7 Angiomyolipoma. (a) Longitudinal view of gray scale ultra- 
sound demonstrates hyperechoic mass (arrow) in the renal parenchyma of 
lower third of the right kidney. (b) Axial contrast-enhanced CT of same 
patient reveals well-defined fat-containing mass (arrow) with minimal 
enhancement arising from right kidney. (c) Unenhanced CT of another 
patient demonstrates a fat-containing mass (arrow) in the right kidney 
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Fig. 1.8 Bilateral angiomyolipomas in tuberous sclerosis. (a) 
Noncontrast-enhanced CT demonstrates multiple, lobulated, hypodense 
fat-containing bilateral renal masses (arrows). (b) Bilateral renal angio- 
myolipomas (arrowheads) in a patient with tuberous sclerosis appear 
hyperintense on in-phase image of dual-echo sequence. (c) Out-of-phase 
image reveals signal loss around the lesions (arrowheads) which 
confirms fat content of AMLs. (d) Bilateral AMLs present with signal 
loss and appear hypointense (arrowheads) on axial fat-saturated 
T2-weighted MRI. (e) Axial T2-weighted MRI of another patient with 
tuberous sclerosis demonstrates subependymal tubers (arrows) 
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Fig. 1.8 (continued) 


Computed Tomography 


Well-circumscribed renal masses with intratumoral mac- 
roscopic fat. 

Lesions without detectable fat cannot be distinguished 
from other renal neoplasms on CT. Approximately 5 % 
of AMLs do not show fat attenuation on CT scans and 


Fig. 1.9 Angiomyolipoma. Gray-scale ultrasound demonstrates an 
exophytic angiomyolipoma (short arrow) with a heterogeneous appear- 
ance arising from the kidney (/ong arrow) 


cannot be differentiated from renal cell cancer (Fig. ). 
Fat may also be obscured secondary to intratumoral 
hemorrhage. 


Although AMLs are benign tumors, they may show evi- 
dence of extension into the renal vein and inferior vena 
cava. 

Bleeding angiomyolipomas have heterogeneous appear- 
ance on CT with blood density (Fig. ). 


Magnetic Resonance Imaging 


AML is identified on opposed phase chemical shift MRI 
by the presence of India ink artifact (loss of signal at the 
interface of fat- and nonfat-containing areas) at the inter- 
face of mass and renal parenchyma, or within the renal 
mass (Fig. 5). 

Fat-saturated T1- and T2-weighted sequences can confirm 
the presence of fat by demonstrating loss of signal 


(Fig. 1.8d). 


Pathology 


The majority of patients with AML are female (Figs. 

and ). 

AML is a true neoplasm, about half of which arise spo- 
radically; the other half occur in patients with tuberous 
sclerosis, a heritable genetic disorder linked to loss of 
heterozygosity on chromosome 1 6p. 


Fig. 1.10 AML with hemorrhage. Contrast-enhanced CT reveals bilateral 
hypodense AMLs (arrowheads). A heterogeneous hematoma (*) medial 
to the kidney is visualized with increased perirenal density (arrows) 


e Upto 80 % of patients with tuberous sclerosis develop 
AML, most often between the ages of 25-35 years, 
and AMLs arising in this setting tend to be small, 
multiple, bilateral, and asymptomatic. In contrast, 
most patients who develop sporadic AML are between 
45 and 55 years old at the time of diagnosis, and their 
tumors are more often large and solitary and more 
likely to cause symptoms (such as flank pain) than 
heritable AML. 

e Although it is intrinsically benign, angiomyolipoma has 
been associated with a variety of complications, the most 
common of which is hemorrhage, particularly in tumors 
larger than 4 cm. Less common complications include 
unresectability due to infiltration of local structures, the 
development of secondary leiomyosarcoma, and oblitera- 
tion of functioning renal parenchyma by innumerable 
bilateral tumors and subsequent renal insufficiency in 
patients with tuberous sclerosis. 


Juxtaglomerular Neoplasm (Reninoma) 

General Information 

e Rare tumors, usually presenting with hypertension and 
hypokalemia due to hypersecretion of renin hormone. 

e Most commonly occurs in young women in the reproduc- 
tive age group. 
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Fig. 1.11 Angiomyolipoma (AML). Angiomyolipomas may be located 
in the renal cortex, medulla, or capsule and may be solitary or multiple. 
Most that are removed surgically are greater than 4 cm in diameter and 
can be as large as 30 cm in greatest dimension. They are typically 
smoothly rounded or ovoid, circumscribed but not encapsulated. They 
may compress and distort adjacent normal kidney but do not infiltrate it. 
Infrequently, extension into perirenal fat or renal vein is observed. A 
tumor composed mainly of fat may resemble lipoma, and one mainly 
composed of smooth muscle may mimic leiomyoma 


Imaging 

Ultrasound 

e Smooth well-marginated homogeneous mass, usually 
hypo- to isoechoic (Fig. 1.13a). Lesion is located within 
the renal cortex. 

Computed Tomography 

e Smooth and sharply marginated mass. 

e May appear heterogeneous in the presence of hemorrhage. 

e Minimal enhancement on contrast-enhanced CT. 

Magnetic Resonance Imaging 

e Isointense to hypointense to normal cortex on T1-weighted 
images and hypo- or hyperintense to normal cortex on 
T2-weighted images (Fig. 1.13b). 

e Postgadolinium enhancement is less than the surrounding 
normal renal parenchyma on delayed phase images 
(Fig. 1.13c, d). 


Pathology 

e Juxtaglomerular cell tumor arises from specialized smooth 
muscle cells that comprise the vasculature of the juxta- 
glomerular apparatus (Figs. 1.14 and 1.15). 

e It is twice as more common in females than in males. 
Although patient age range is from 6 to 69 years, the 
majority of patients are in their 20s and 30s, with a mean 
age of 27 years. Clinical findings are distinctive and often 
diagnostic preoperatively. Patients report pain, headache, 
polyuria, nocturia, dizziness, and vomiting, and almost all 
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Fig. 1.12 Angiomyolipoma 
(AML). The microscopic 
appearance of AML varies 
according to the proportions 

of blood vessels, muscle, and fat 
comprising the tumor. Smooth 
muscle may be arranged in 
strands or fascicles or radially 
arranged at the periphery of large 
blood vessels, producing a 
“hair-on-end” appearance. Blood 
vessels are usually thick walled, 
and their lumens may be 
eccentric or very small. Fat cells 
exhibit their usual morphology 


have labile and refractory hypertension. They typically 
have high serum renin levels, elevated serum aldosterone, 
and hypokalemia. Surgical excision of the tumor usually 
normalizes the patient’s blood pressure and relieves other 
symptoms. 

e With a single well-documented exception, these tumors 
are usually not complicated by recurrence or metastasis 
postoperatively. 


Leiomyoma 

General Information 

e Leiomyomas are rare benign spindle cell tumors that 
are found in approximately 5 % of autopsy specimens. 

e They may originate from smooth muscles in the renal 
capsule, pelvis, calyx, or blood vessels. 

e These tumors are usually small, although the few clini- 
cally apparent tumors may be larger. 


Imaging 

Ultrasound 

e Renal leiomyomas present as solid lesion on ultrasound. 

e Cystic changes are uncommon. 

Computed Tomography 

e Well-circumscribed, solid, peripheral lesions, the majority 
of which are capsular or subcapsular in location (Fig. 1.16). 


e There may be a cleavage plane between the leiomyoma 
and the renal cortex, or the lesion may be totally exophytic 
or attached to the cortex by only a small stalk. 

e Cannot be differentiated from a renal leiomyosarcoma or 
RCC based on imaging findings alone. The diagnosis of 
leiomyoma is excluded in lesions that exhibit invasion or 
metastasis. 

Magnetic Resonance Imaging 

e Heterogeneous signal intensity on T1- and T2-weighted 
images 

e Internal areas of hypointensity on T1-weighted images 


Pathology 

e The largest reported renal leiomyoma was 57.5 cm in 
diameter and weighed 37 kg. The average size of renal 
leiomyomas is about 12 cm. 

e Similar to leiomyomas in other sites, they are typically 
firm, bulging, and well circumscribed, with a white 
whorled fibrous or trabeculated cut surface 
(Fig. 1.17). 

e Microscopically, they are composed of spindled cells, 
usually arranged in small intersecting fascicles. Nuclear 
pleomorphism is minimal, and necrosis and mitotic 
figures are absent. Adipocytes and abnormal blood ves- 
sels are absent. 
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Fig. 1.13 Juxtaglomerular neoplasm (Reninoma). (a) Gray-scale (c) Lesion (arrow) enhances on contrast-enhanced coronal T1-weighted 
ultrasound demonstrates a hypoechoic exophytic solid mass (arrow) image. (d) Lesion exhibits washout and appears hypointense (arrow) on 
arising from inferior portion of the left kidney. (b) Unenhanced coronal delayed phase contrast-enhanced T1-weighted image 

T1-weighted MRI reveals well-demarcated hypointense mass (arrow). 
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Fig. 1.16 Renal leiomyoma. Unenhanced CT demonstrates a round 


| 1 | hypodense mass (arrow) in the anterior portion of the atrophied right 
IM ETR | | kidney 


Fig. 1.14 Juxtaglomerular cell tumor. Juxtaglomerular cell tumors are 
usually well circumscribed, with a fibrous capsule of variable thickness. 
They are typically 2—4 cm in diameter, but can be much larger. Their cut 
surfaces are yellow to gray/tan and often hemorrhagic 
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e Capsular leiomyomas often contain populations of 
cells strongly immunopositive for HMB-45, suggesting 
an undefined relationship with angiomyolipoma 
(Fig. 1.18). 


Lymphangioma 

General Information 

e Lymphangiomas are rare benign lesions of vascular origin 
that show lymphatic differentiation. 

e They are typically located in the renal hilum or in the 
perinephric space. 

e Diffuse renal lymphangiomatosis may occur. 


Imaging 

Ultrasound 

e Cystic masses with anechoic appearance and septa 
formations. 

e Renal lymphangiomas may manifest with solid appear- 
ance due to the reverberations that occur between micro- 
scopic lymph spaces and surrounding connective tissue. 


Fig. 1.18 Renal leiomyoma. 
Lesion is composed of spindle 
cells arranged in intersecting 
fascicles. Normal renal 
parenchyma is at lower right 
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Computed Tomography 

e Most renal lymphangiomas are focal lesions and may 
appear as unilocular or multilocular hypodense cysts on 
CT (Fig. 1.19). 


Fig. 1.17 Renal leiomyoma. This image is an intraoperative photo of 
a renal capsular leiomyoma removed laparoscopically (From 
MacLennan GT, Cheng L. Neoplasms of the kidney. In: Bostwick DG, 
Cheng L, editors. Urologic Surgical Pathology. 2nd ed. Edinburgh: 
Mosby/Elsevier; 2008, with permission) 
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Fig. 1.19 Renal lymphangioma. Contrast-enhanced CT image shows 
bilateral multiple cystic masses in the perinephric (white arrow) and 
renal sinus (black arrow) regions, consistent with lymphangiomas. 
(With permission from Katabathina VS, Vikram R, Nagar AM, Tamboli 
P, Menias CO, Prasad SR. Mesenchymal neoplasms of the kidney in 
adults: imaging spectrum with radiologic-pathologic correlation. 
Radiographics. 2010;30(6):1525—40) 


e The CT appearance of renal lymphangiomas can vary 
according to their fluid content, which may be mucoid or 
hemorrhagic in nature. 

Magnetic Resonance Imaging 

e They usually appear hypointense on Tl-weighted and 
hyperintense on T2-weighted images (Fig. 1.20). 
Hemorrhage or increased protein content can increase 
signal intensity of lesion on T1-weighted images. 


Pathology 

e Renal lymphangioma is typically a well-encapsulated 
multicystic mass that may be unilateral or bilateral, local- 
ized or diffuse. The cut surface is composed of innumer- 
able fluid-filled cysts ranging from 0.1 to 2.0 cm in 
diameter, often mimicking a polycystic kidney disease or 
a multilocular renal cyst (Fig. 1.21a). 

e Microscopically, lymphangioma consists of numerous thin- 
walled cysts separated by delicate fibrous septa. The cysts 
are lined by flattened endothelial cells and are separated by 
septal structures that may contain normal renal structures 
such as glomeruli, tubules, and blood vessels (Fig. 1.21b). 


Hemangioma 

General Information 

e Uncommon benign renal tumor. 

e Most frequent location is the tip of the papilla. 

e Renal hemangiomas are bilateral in 12 % of cases. 

e Renal hemangiomas may present with episodes of hema- 
turia and renal colic. 
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Fig. 1.20 Lymphangioma in a 45-year-old man. Coronal T2-weighted 
MR image shows bilateral multilocular cystic masses (arrows) in the 
perinephric and renal sinus regions, consistent with lymphangiomas. 
(With permission from Katabathina VS, Vikram R, Nagar AM, Tamboli 
P, Menias CO, Prasad SR. Mesenchymal neoplasms of the kidney in 
adults: imaging spectrum with radiologic-pathologic correlation. 
Radiographics. 2010;30(6):1525—40) 


Imaging 

Ultrasound 

e They have variable echotexture on sonography. 

e Sonographic appearance of renal hemangiomas is usually 
similar to liver hemangiomas. 

Computed Tomography 

e CT angiography reveals enhancement of thick vascular 
channels and dilated renal vein (Fig. 1.22a—c). 

Magnetic Resonance Imaging 

e Like hemangiomas in other regions of the body, they are 
hyperintense on T2-weighted images. 

e Flow voids may be seen as punctate signal loss on 
T2-weighted images. 

e Persistent contrast enhancement on delayed images is 
fairly characteristic of renal hemangiomas. 


Pathology 

e Although most renal hemangiomas are only 1—2 cm in great- 
est dimension, they may be as large as 18 cm (Fig. 1.23a). 

e The commonest locations are the renal pelvis or renal 
pyramids, but hemangiomas also arise in the renal cortex, 
the renal capsule, or within peripelvic blood vessels or 
soft tissues. Those that involve the renal pelvis or a papilla 
may be very hard to identify grossly, appearing as a small 
mulberry-like lesion or a small red streak. Larger lesions 
often appear red or gray tan and spongy. 
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Fig. 1.21 Lymphangioma. (a) Lesion is a well-encapsulated multicys- 
tic mass. Its cut surface is composed of innumerable fluid-filled cysts. 
(b) Lymphangioma. Cystic spaces are separated by delicate fibrous 
septa lined by flattened endothelial-type cells 


e Microscopically, hemangiomas consist of irregular blood- 
filled vascular spaces lined by a single layer of endothelial 
cells that lack mitotic activity and nuclear pleomorphism. 
They are typically either of cavernous or capillary type 


(Fig. ). 


Renomediullary Interstitial Cell Tumor 

(Medullary Fibroma) 

e Renal fibroma is found in the renal medulla. It arises from 
the interstitial cells of the renal medulla. 

e These tumors are benign and rarely clinically significant. 
Most are discovered incidentally, although rarely, they are 


Fig.1.22 Renal hemangiomaina25-year-old woman. (a) Nonenhanced 
CT image shows a lobulated isoattenuating soft tissue mass (arrow) in 
the region of the renal sinus. (b) Axial contrast-enhanced CT image 
obtained during the arterial phase shows intense enhancement (arrow) 
of the lesion. (c) Axial contrast-enhanced CT image obtained during the 
portal venous phase shows persistent enhancement (arrowheads) of the 
lesion. At histopathologic examination, this lesion was determined to 
be a capillary hemangioma (With permission from Katabathina VS, 
Vikram R, Nagar AM, Tamboli P, Menias CO, Prasad SR. Mesenchymal 
neoplasms of the kidney in adults: imaging spectrum with radiologic- 
pathologic correlation. Radiographics. 2010;30(6):1525—40) 
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Fig. 1.23 Hemangioma. (a) On 
CT scan, this was a solid mass 
lesion in the renal hilum. At 
surgery, it was peeled off the 
renal vein. The lesion is red and 
has a slightly spongy cut surface 
(From MacLennan GT, Cheng L. 
Neoplasms of the kidney. In: 
Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd 
ed. Edinburgh: Mosby/Elsevier; 
2008, with permission) (b) 
Hemangioma. Irregular 
blood-filled vascular spaces lined 
by a single layer of endothelial 
cells that lack mitotic activity 
and nuclear pleomorphism. The 
lesion shown here is a cavernous 
hemangioma; capillary 
hemangiomas have also been 
reported 


large enough to obstruct renal pelvic outflow and cause Schwannoma 

pain. e Renal schwannoma is rare. A schwannoma may arise 
e They usually appear as solitary and well-defined from renal parenchyma, renal hilar soft tissues, or renal 

nodules. capsule. 


Ultrasound reveals a well-defined, hypoechoic mass. 
On CT, schwannoma presents as a solitary well-circumscribed, 
rounded, or lobulated hypodense enhancing lesions. 


e On CT, fibromas appear as lobulated hypodense masses. * 
e Renal fibromas have an intermediate signal intensity on e 
T1-weighted images and isointense or hyperintense rela- 
tive to normal renal parenchyma on T2-weighted images. 

Pathology 
Pathology e Schwannomas range from 4 to 16 cm in size. They are typi- 
e Tumors are gray white. Usual tumor size is less than cally well circumscribed, tan to yellow, sometimes multi- 


0.3 cm; however, tumors >6 cm in diameter have been 
reported (Fig. 1.24a). 

The tumor is composed of small stellate or spindled cells 
set in a background of loose faintly basophilic stroma 
containing interlacing bundles of delicate fibers and typi- 
cally infiltrating the interstitium between collecting ducts 
(Fig. 1.24b). 


nodular, and have a dense fibrous capsule (Fig. 1.25a). 

Schwannomas are classically composed of compact spin- 
dle cells with twisted nuclei. Approximately parallel rows 
of well-aligned palisaded tumor cells are separated by 
fibrillary cell processes, a formation designated as a 
Verocay body. At low power, the cells are often arranged 
as areas of dense cellularity (Antoni A area) alternating 
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Fig. 1.24 Renomedullary 
interstitial cell tumor. (a) A small 
gray-white tumor involves the tip 
of a papilla (From MacLennan 
GT, Resnick MI, Bostwick DG. 
Pathology for Urologists. 
Philadelphia: Saunders; 2003, 
with permission). (b) 
Renomediullary interstitial cell 
tumor. Collecting ducts are 
surrounded by spindled and 
stellate cells in a loose basophilic 
stroma 


with paucicellular (Antoni B) areas (Fig. 1.25b). The pro- 
portions of these elements vary, and the areas may subtly 
blend into one another. Prominent blood vessels may be 
present. Mitotic figures are absent or rare, and necrosis is 
absent. Tumor cells show diffuse strongly positive immu- 
nostaining for S-100 protein. 


Congenital Mesoblastic Nephroma 

General Information 

e Most common solid renal tumor in the newborn period. 

e Presentation is usually a palpable abdominal mass in 
young infants. 


M.R. Onur et al. 
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Imaging 

Ultrasound 

e Homogeneous well-defined solid renal mass. 

e Jt may appear heterogeneous in the setting of hemorrhage 
or necrosis. 

Computed Tomography 

e CT may be helpful to demonstrate the calcification and fat 
within the mass. 

Magnetic Resonance Imaging 

e Mesoblastic nephroma manifests on MRI with low signal 
intensity on Tl-weighted and high signal intensity on 
T2-weighted images. 
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Fig. 1.25 Renal schwannoma. 
(a) A well-circumscribed solid 
tumor in a young female (From 
MacLennan GT, Cheng L. 
Neoplasms of the kidney. In: 
Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd 
ed. Edinburgh: Mosby/Elsevier; 
2008, with permission) (b) Renal 
schwannoma. Antoni A areas 
consist of compact spindle cells 
with twisted nuclei, with 
characteristic palisading 


Pathology 


e Mesoblastic nephroma is the most common renal neo- 
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plasm in patients less than 3 months old. It accounts 
for 2—4 % of pediatric renal neoplasms (Figs. 1.26 and 
1.27). 

Almost all reported cases have occurred in individuals 
less than 30 months old; 90 % of cases occur during the 
first 12 months of life. 

The commonest mode of discovery is by incidental palpa- 
tion of an abdominal mass in an infant. 

It presents in two forms, classic and cellular. Recurrence 
is rare and is attributed to incomplete resection. Rarely, 
death related to metastasis is reported. 


Cystic Nephroma 

General Information 

e Cystic nephroma is a benign renal neoplasm composed 
entirely of epithelial-lined cysts separated by septa of 
variable thickness. 

e Historically, it has been a matter of controversy concern- 
ing the definition of what constitutes the term “cystic 
nephroma’” and the relationship between cystic nephroma 
and cystic partially differentiated nephroblastoma. 

e Currently, the diagnosis of cystic nephroma is restricted to 
adults; renal neoplasms in children composed entirely of 
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epithelial-lined cysts separated by septa of variable thick- tour of the cysts are diagnosed as cystic partially differentiated 

ness and lacking expansile nodules to alter the rounded con- nephroblastoma, regardless of the presence or absence of 
blastema or other immature elements in the septa. 

e Cystic nephroma in adults is seen mainly in females (8:1 
female:male ratio), is rare before age 30, and does not 
exhibit renal nephrogenic rests or skeletal muscle fibers in 
the septa. Conversely, cystic partially differentiated neph- 
roblastoma is slightly more common in males, is rare after 
the age of 2 years, sometimes exhibits renal nephrogenic 
rests, and often exhibits skeletal muscle fibers in the septa. 

e In summary, it is currently accepted that the traditional 
term “cystic nephroma” embraces two entirely different 
lesions, one of which (cystic nephroma) predominantly 
occurs in adult females and has no relationship to Wilms’ 
tumor, and the other (cystic partially differentiated neph- 
roblastoma), a lesion of young children of both genders, 
probably represents a mature form of Wilms’ tumor. 

e Cystic nephroma may be detected as a painless abdominal 
mass or may cause flank or abdominal pain or hematuria. 
Most are discovered incidentally. Patients range in age 
from 22 to 79 years old with a mean age of about 


Fig. 1.26 Congenital mesoblastic nephroma (CMN). Mesoblastic 55-60 years, and the great majority are female. 

nephroma presents in either classic form (24 %), cellular form (66 %), ° Cystic nephroma is considered to be a benign neoplasm, 
or as a mixture of these forms (about 10 %). Classic CMN, shown in this cured by adequate surgical excision, and recurrence is 
image, has a firm, whorled appearance and an indistinct interface with usually attributed to incomplete resection. Nonetheless, 


surrounding normal kidney. Cellular CMN has a more sharply circum- . 
. Benes ; : l there are a few well-documented instances of sarcoma 
scribed outline; it usually appears softer with cystic and hemorrhagic 


areas (From MacLennan GT, Resnick MI, Bostwick DG. Pathology for arising in a background of cystic nephroma in adults, 
Urologists. Philadelphia: Saunders; 2003, with permission) sometimes with a fatal outcome. 


Fig. 1.27 Congenital 
mesoblastic nephroma (CMN). In 
classic CMN, shown here, nuclei 
are elongated, bland, and 
uniform, and mitotic figures are 
infrequent. Tumor cells infiltrate 
around tubules and glomeruli at 
the interface between tumor and 
normal parenchyma. Cellular 
CMN is more densely cellular, 
less infiltrative at the interface 
between tumor and normal 
kidney, and much more 
mitotically active. Prognosis is 
dependent upon patient age and 
completeness of surgical 
excision, rather than on tumor 
morphology 
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Fig. 1.28 Multilocular cystic renal tumor. (a) Gray-scale ultra- 
sound demonstrates multiloculated cystic mass with thick septa 
formations and well-defined contour. (b) Axial contrast-enhanced 
CT reveals a well-defined, hypodense cystic mass with septa 
formations 


Imaging 

Ultrasound 

e Multicystic mass with thin echogenic septa, without any 
solid or nodular elements (Fig. 1.28a). 

e A claw or beak shape of adjacent normal renal paren- 
chyma can help confirm the renal origin of the mass. 

e May be associated with urinary tract obstruction if hernia- 
tion into the renal pelvis is present. 

Computed Tomography 

e Well-encapsulated multilocular mass separated by thin 
septa which may show enhancement (Figs. 1.28b and 
1.29). 

e The tumor often herniates into the renal pelvis causing a 
filling defect and sometimes also causes obstruction. 

Magnetic Resonance Imaging 

e Similar findings as on CT with variable appearance of the 
cysts on T1- and T2-weighted sequences depending on 
the cyst contents 
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Fig.1.29 Multilocular cystic renal tumor. Contrast-enhanced CT demon- 
strates a multiloculated cystic mass with enhancing thick septa (arrow) 


MW 


Fig. 1.30 Cystic nephroma. Cystic nephromas are sharply demarcated, 
usually unilateral but rarely bilateral, and range in size from 1.4 to 13 cm, 
with an average diameter of approximately 6 cm. Most tumors are limited 
to the renal cortex, but occasionally they protrude into the renal pelvis, as 
shown in this image (Image courtesy of Carmen Frias-Kletecka, M.D.) 


Pathology 

e Cystic nephroma is typically well circumscribed, usually 
unilateral but rarely bilateral, and ranges in size from 1.4 
to 13 cm, with an average diameter of approximately 
6 cm. Most tumors involve the renal cortex, but rarely 
may be predominantly intrapelvic. 

e Cystic nephroma is composed entirely of epithelial-lined 
cysts separated by septa of variable thickness (Figs. 1.30 
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Fig. 1.31 Cystic nephroma. Cysts are enclosed by septa of variable thick- 
ness, but by definition less than 5 mm; expansile nodules are absent. The 
septal stroma is composed of spindle cells in a collagenous background. 
Cysts are lined by flattened, cuboidal, or hobnail-type epithelial cells; 
some lining cells may possess clear cytoplasm. Mitotic figures are absent 


and 1.31). The lining epithelium is flattened, cuboidal, or 
hobnail in appearance and lacks mitotic activity. The 
septal stroma of the septa is composed of spindle cells in 
a collagenous background. In some areas, stromal cell 
nuclei are very closely packed, imparting an appearance 
reminiscent of ovarian stroma. 


Mixed Epithelial and Stromal Tumor of Kidney 

(MESTK) 

e This is a recently recognized distinct neoplasm. These 
tumors are relatively rare with a female preponderance. 
Imaging studies are not diagnostic but reveal a solid or 
solid and cystic mass in most cases (Fig. 1.32). 

e The clinical course after resection of MESTK is typically 
benign, but there have been reports of cases with clear-cut 
sarcomatoid morphology, aggressive clinical behavior, 
and ultimately fatal outcomes. 


Pathology 

e This is a renal neoplasm that is macroscopically solid and 
cystic and microscopically biphasic, composed of glands, 
often cystically dilated, and solid areas of spindle cells 
with variable growth patterns and cellularity (Figs. 1.33 
and 1.34). 

e The great majority occur in females, with a 10:1 predomi- 
nance and with a mean age of 46 years. 

e Although the majority present with hematuria, flank pain, 
or symptoms related to urinary infection, some are dis- 
covered incidentally. 

e It bears many clinical and pathological similarities to 
cystic nephroma, and it has been suggested by some 
investigators that these entities represent a spectrum of 
the same entity, with a variable stroma-cyst ratio. This 
issue is currently unresolved. 


Fig. 1.32 MEST. CT image acquired during the corticomedullary phase 
of enhancement shows low-level enhancement of the wall (arrows) and 
septations (arrowhead) of this complex cystic mass (With permission from 
Prasad SR, Dalrymple NC, Surabhi VR. Cross-sectional imaging evalua- 
tion of renal masses. Radiol Clin North Am. 2008;46(1):95—111, vi—vii) 


Fig. 1.33 Mixed epithelial and stromal tumor of kidney. The lesion is 
cystic, but has a prominent solid component (From MacLennan GT, 
Cheng L. Neoplasms of the kidney. In: Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 
2008, with permission) 


Malignant Renal Neoplasms 


Classification of malignant renal neoplasms is summarized 
in Table 1.3. 


Renal Cell Carcinoma (RCC) 


General Information 

e RCC is the most common primary renal cancer, account- 
ing for about 86 % of all primary malignant renal paren- 
chymal neoplasms. 

e Usually seen in the adult population, after 40 years. 

e Predisposing factors of RCC include smoking, obesity, 
hypertension and antihypertensive drugs, occupational 
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Fig. 1.34 Mixed epithelial and 
stromal tumor of kidney 
(MESTK). MESTK is a biphasic 
tumor, with spindle cell and 
epithelial components, both of 
which show a wide spectrum of 
histological findings. The spindle 
cell component typically varies 
considerably in cellularity. Fat 
cells may be present (lower left). 
The epithelial component 
consists of variably sized glands 
of variable shape and size or 
tubular structures with complex 
branching or papillae. Neither the 
spindle cell nor the epithelial 
components show significant 
cytologic atypia or mitotic 
activity 


Table 1.3 Types of malignant renal neoplasms 


e Ultrasound has very low sensitivity in diagnosing tumors 


Renal cell Nephroblastic Malignant mesenchymal less than 3 cm in size. 

i l l l ; ; ; 
a nt ahs wheat seca e Most common appearance is of a round, isoechoic paren- 
Clear cell renal cell Nephroblastoma Clear cell sarcoma of h 1 hich ll ltsi t b 1 
carcinoma (Wilms’ tumor) kidney chymal mass which usually results in a contour aonormal- 


= g ; ity (Fig. 1.35a—c). 


Multilocular cystic Cystic partially Leiomyosarcoma , . 

renal cell differentiated e Some tumors may appear heterogeneous with cystic areas 
carcinoma = nephroblastoma 7 g secondary to necrosis (Fig. 1.36a). 

Papillary renal cell Rhabdoid tumor ¢ A narrow rim of vessel is usually present around the tumor. 
—— S oe e Color Doppler ultrasound confirms the presence of a solid 
Chromophobe renal Lymphoma 


renal tumor by demonstrating internal vascularity 
(Fig. 1.36b). Spectral Doppler flow may demonstrate 


cell carcinoma 


Collecting duct | Metastasis 

carcinoma tumoral shunt flow with increased diastolic flow with resis- 
Renal medullary o tive index <0.4. 

carcinoma ___ Computed Tomography 

Translocation e RCCs may appear iso-, hypo-, or hyperdense on noncon- 
carcinoma 


Menos aba — trast CT with irregular or lobulated margins. 
and spindle cell e Nephrographic phase is the most important phase for the 
carcinoma detection of RCCs. RCCs typically enhance less than the 
E l normal renal parenchyma. Enhancement may be hetero- 
geneous because of hemorrhage or necrosis, particularly 
exposure (asbestos, cadmium, benzene, trichloroethylene), in larger lesions (Fig. 1.36c). 
drugs (phenacetin, diuretics), chronic renal disease, sex Magnetic Resonance Imaging 
(males >females), and race (African American > Whites). ° Usually supplementary to CT, better defining the venous 


e Four percent of RCCs are familial. extension of renal vein invasion by RCC. 

e Hypointense to isointense to renal parenchyma on 
Imaging Tl-weighted images, heterogeneously hyperintense on 
Ultrasound T2-weighted images, and demonstrates less enhancement 
e Sonographic appearances of RCC vary according to the than renal parenchyma after gadolinium administration 


stage and histological type of the tumor. (Fig. 1.36d-f). 
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Fig. 1.35 Renal cell carcinoma. Transverse (a) and longitudinal (b) images of gray-scale ultrasound demonstrate an isoechoic left renal mass 
(arrows). (c) Color flow Doppler ultrasound reveals vascularity in the mass (arrow) 
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Fig. 1.36 Renal cell 
carcinoma. (a) Gray-scale 
ultrasound demonstrates a 
hypoechoic cystic mass 
(arrow) in the right kidney 
with multiple septa. 

(b) Spectral Doppler reveals 
arterial vascular flow in the 
mass. (c) Axial contrast- 
enhanced CT of same patient 
demonstrates a well-defined 
mass (arrow) in the 
posterolateral aspect of right 
kidney. Mass lesion enhances 
mildly and appears hypodense 
relative to the renal 
parenchyma. Lesion appears 
hypointense on T1-weighted ` 

(d) and hyperintense on 1 L 352 cm 
T2-weighted (e) images. 2 L 3.33 cm 
(£) Contrast-enhanced — = 
Tl-weighted image reveals 
mild enhancement in the mass 
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Fig. 1.36 (continued) 


Staging of RCC Table 1.4 Staging of RCC 
e Survival with renal cell carcinoma depends on the local Robson stage Description TNM stage 
extent of the primary tumor, presence or absence of dis- I Tumor contained within the capsule 
tant metastases, and tumor histology. Tumor<7 cm Tl 
e The stage at the time of the initiation of treatment corre- Tumor>7 cm T2 
lates directly with prognosis. II Tumor spread to perinephric fat T3a 
° The best overall imaging approach should determine stage (remains limited to Gerota’s fascia) 
and extent of disease accurately, especially identifying A Venous tumor thrombus 
distant metastases and adjacent organ invasion, either of Renalvem ony.. Ta 
which indicates incurable disease. Infradiaphragmatic IVE T3p 
e TNM and Robson staging of RCC is summarized in suptadiaphragimati = = 
HIB Regional lymph nodes 
anig Single node N1 
More than 1 regional lymph node N2 
Role of CT and MRI in Staging RCC HIC Venous tumor and regional lymph node 
e MDCT and MRI are equally accurate in staging RCCs. involvement 
e CT and MRI are very poor in detecting perinephric exten- TVA Spread outside Gerota’s fascia T4 
IVB Distant metastases MI 


sion of RCC; however, presence of a perinephric soft 
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tissue mass of at least 1 cm in diameter (Fig. 1.37a, b) 
may suggest perinephric extension. 

e Venous invasion is diagnosed if there is identifiable 
thrombus within the renal vein or IVC (Fig. 1.38a-e). 
Tumor thrombus is distinguished from a bland thrombus 
by the presence of thrombus enhancement in case of a 
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Fig. 1.37 Renal cell carcinoma with perirenal invasion. (a) Gray-scale 
ultrasound reveals a large exophytic left kidney mass (arrow) with 
heterogeneous appearance with extension into the perirenal space 
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Fig. 1.38 Renal cell carcinoma with renal vein invasion. (a) Color 
flow Doppler ultrasound demonstrates a hypoechoic right kidney mass 
that extends into the renal vein (arrow). Vascular flow in the renal vein 
is not seen. (b) Color flow Doppler ultrasound reveals enlarged renal 
vein with thrombus within (arrow). (c) Enlarged right renal vein (arrow) 
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tumor thrombus along with continuity with the primary 
tumor. 

e Fifty percent of tumor extensions into the IVC are 
located in intrahepatic region, 40 % reach the intra- 
hepatic caval vein, and 10 % extend to the right 
atrium. 


(arrowhead). (b) Axial contrast-enhanced CT demonstrates a left kid- 
ney mass with perirenal invasion (arrowheads) 


SAG IVC 


with irregular contours secondary to tumor thrombus on unenhanced 
CT. (d, e) Axial contrast-enhanced Tl-weighted image MR image 
reveals an ill-defined hypointense renal mass (arrow) with extension of 
the tumor with the right renal vein (arrowhead) 


Fig. 1.38 (continued) 


MRI is considered superior in identifying venous invasion 
particularly when the CT findings are indeterminate. 

The sensitivity of MRI has been reported at 90 % for 
detection of inferior vena caval thrombus, compared with 
79 % for CT. 

Absence of signal void in the renal vein on T1- and 
T2-weighted images suggests presence of thrombus. 
Gradient echo images may also identify the thrombus by 
demonstrating an intravenous filling defect. Sagittal and/ 
or coronal images can help determine the superior extent 
of the thrombus (Fig. C ). 

The diagnosis of venous invasion is strengthened by the 
presence of clot within collateral vessels. 

Bland thrombus often extends caudal to the level of entry 
of the renal vein. 
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False-positive findings are seen in patients with 
enlarged renal veins that do not contain tumor, espe- 
cially from increased flow with hypervascular 
tumors. 

Tumor thrombus can conform to the vein lumen without 
causing gross enlargement, resulting in underestimation 
of tumor stage. 

Abrupt change in caliber of the vein, which occurs in the 
renal vein and IVC in 3 and 10 % of cases on CT scan, 
respectively, suggests renal vein thrombus. 

A persistent filling defect within the renal vein or IVC is 
associated with a 0 % false-positive rate. 

Filling defects in the renal vein and IVC occur in 22 and 
15 % of all renal cell carcinoma cases on CT scan, 
respectively. 
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Fig. 1.39 Renal cell carcinoma with renal vein invasion. (a) Coronal- 
enhanced CT demonstrates a large necrotic left renal mass (long arrow) 
with invasion of renal vein (short arrow). Tumoral thrombus extends to 
the inferior vena cava (arrowhead). (b) Coronal-enhanced CT of 


e Particularly on the right side, it may be impossible to dis- 
tinguish between intraluminal tumor thrombus and extrin- 
sic caval compression caused by a large primary tumor or 
enlarged lymph nodes. 

¢ If tumor extends only into the subdiaphragmatic cava, then 
standard surgical approaches may be sufficient; if it extends 
beyond this, then intraoperative cardiopulmonary bypass 
with a thoracoabdominal approach often is required. 

e Extension of tumor thrombus in renal vein and IVC is 
classified into 4 levels (Table 1.5). 

e Regional lymph nodes are considered to be involved by 
tumor if they are at least 1 cm in diameter in the short 
axis. If they are larger than 2 cm in size, they are most 
likely due to metastases (Fig. 1.40). 

e Lymph nodes greater than 2 cm in size are present in up to 
32 % of tumors overall. 

e Normal lymph node distribution may be asymmetric, par- 
ticularly due to fusion of the middle and left periaortic 
lymphatic chains, which makes interpretation even more 
confusing. 


another patient with RCC reveals enhancing right kidney mass (M). 
Tumoral thrombus extends through right renal vein and inferior vena 
cava into right atrium (arrow) 


Table 1.5 Classification of renal tumor extension in renal vein 
Level I <2 cm above the renal vein—standard 
flank approach 


Level II >2 cm above the renal vein but below the 
hepatic—thoracoabdominal approach 


Level III Below the diaphragm—thoracoabdominal 
approach 


Level IV Supradiaphragmatic [VC—median 
sternotomy, cardiac bypass, and 
hypothermia 


e CT scan has a sensitivity of approximately 83 % and a 
specificity of approximately 88 % in identifying lymph- 
adenopathy associated with renal cell carcinoma. 

e CT or MRI can equally demonstrate distant metastasis. 


Role of Ultrasound in Staging RCC 

e The most effective contribution by ultrasound to staging 
renal cell carcinoma is evaluating proximal caval and 
right atrial tumor extension (Fig. 1 ). 
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Fig. 1.40 Renal cell carcinoma with lymph node metastasis. Axial 
contrast-enhanced CT demonstrates a mild enhancing right kidney 
mass (arrow) and conglomerate lymph node formation between aorta 
and inferior vena cava (arrowhead). 


e Tumor thrombus appears as a solid, hyperechoic, or 
hypoechoic mass that, if nonocclusive, often moves within 
the flowing blood around it. 

e The sensitivity of ultrasound for detecting tumor throm- 
bus overall within the IVC or distal renal vein is approxi- 
mately 54 %. 

e The sensitivity for detecting tumor thrombus in the intra- 
hepatic IVC is near 100 %. 


Postsurgical Follow-Up 

e Enlargement of the psoas on the side of surgery is usually 
suggestive of recurrence. 

e Recurrent RCC may manifest on imaging studies as retro- 
peritoneal ill-defined mass with contrast enhancement 


(Fig. ). 


Familial Renal Cell Carcinomas 


e Four percent of all RCCs are familial (Table 1.6). 

e Hereditary or familial tumors are suggested by the follow- 
ing features: 
— Early age onset. 

Family history. 

Multiple tumors. 

Bilateral tumors. 

They are equally common in males and females. 


Von Hippel-Lindau Disease 
e Approximately 7,000 patients in the United States have 
von Hippel-Lindau disease (VHLD). 
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Fig. 1.41 Recurrent renal cell carcinoma. Axial (a) and coronal 
(b) CT images of a patient with a history of right nephrectomy 
secondary to RCC demonstrate ill-defined right retroperitoneal 
mass (M) invading the pararenal space (arrowhead) and liver 
(arrows) 


Table 1.6 Familial RCC syndromes 


Von Hippel-Lindau disease 

Hereditary papillary RCC 

Tuberous sclerosis 

Hereditary leiomyoma RCC 

Birt-Hogg-Dubé syndrome 

Familial renal oncocytoma 

Lynch type 2 syndrome and medullary carcinoma 
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Fig. 1.42 Von Hippel-Lindau disease. Axial contrast-enhanced CT images (a—c) demonstrate bilateral cystic renal masses with enhancing com- 
ponents (arrowheads) representing renal tumors 


e Inherited as an autosomal dominant trait with high 
penetrance. 

e Renal findings: Multiple bilateral renal cysts and cystic 
and solid neoplasms are the most common manifestation 
of VHLD. 

e Predominantly cystic lesions with solid nodular compo- 
nents are characteristic of VHLD. The solid component 
usually represents RCC (Fig. 1.42). 

e RCC is reported to develop in 24—45 % of patients 
with VHLD and is often multifocal and bilateral 
(Fig. 1.43a). 

e Extra renal manifestations of VHLD include retinal 
angiomas, central nervous system hemangioblastomas, 
pancreatic cysts, islet cell tumors, bilateral pheochromo- 
cytomas, endolymphatic sac tumors, cystadenomas of the 
epididymis, and broad ligament and renal cysts and 
tumors (Fig. 1.43b, c). 

e VHLD that is not associated with pheochromocytoma is 
subclassified as VHLD1, and VHLD that is associated 
with pheochromocytoma as VHLD2. 


Tuberous Sclerosis Complex (TSC) 

e May be inherited as an autosomal dominant trait or may 
occur sporadically. 

e The incidence of the disorder is between 1 in 10,000 and 
100,000 live births. 

e Clinically, this syndrome comprises of the classic triad 
of epilepsy, mental retardation, and adenoma 
sebaceum. 

e Renal abnormalities are seen in approximately 50 % of 
patients with TSC and include multiple renal cysts, angio- 
myolipomas (AMLs), renal cancers, perirenal cystic col- 
lections, or lymphangiomas. 


Multiple and bilateral renal AMLs are the hallmark of 
TSC; they occur in about 15 % of patients, mostly females 
(Fig. 1.8a—d). 

Intralesional hemorrhage is common, and the rate of hem- 
orrhage within TSC-related AMLs is higher than that 
found in sporadic AMLs. 

Although it has been speculated that patients with TSC 
are at increased risk of developing RCC, meta-analysis of 
reported cases fails to demonstrate conclusively that the 
risk of developing RCC is any higher in patients with 
TSC than in the general population. 

The combination of renal cysts and AMLs is strongly 
suggestive of tuberous sclerosis. 

Extrarenal manifestations include subependymal cerebral 
nodule, giant cell astrocytoma, peripheral tubers, retinal 
hamartoma, cardiac rhabdomyoma, lymphangioleiomyo- 
matosis, shagreen patch, subungual fibroma, and bone 
cyst (Fig. 1.8e, f). 


Hereditary Papillary Renal Cancer Syndrome 


This familial syndrome predisposes the individuals to 
increased risk of papillary renal cancers type 1. 
Detecting these tumors on imaging can be very challeng- 
ing due to their hypovascular nature. These tumors appear 
very hypodense (CT) or hypoechoic (ultrasound), and if 
the subtle attenuation differences on postcontrast images 
are not identified, they can easily be mistaken for benign 
cysts (Figs. 1.44 and 1.45). 


Hereditary Leiomyomatosis and Renal Cell 
Carcinoma (HLRCC Syndrome) 


Autosomal dominant syndrome characterized by increased 
risk of uterine and skin leiomyomas and associated renal 


30 M.R. Onur et al. 


Fig. 1.43 Von Hippel-Lindau disease. Axial contrast-enhanced CT hypodenseoncontrast-enhanced CT. (c) Contrast-enhanced T 1-weighted 
image (a) reveals bilateral renal masses (arrowheads) with contrast MRI reveals hypointense cystic mass (arrow) in cerebellum with 
enhancement. (b) Multiple hypodense pancreatic cysts (arrow) appear enhancing mural nodule (arrowhead) representing hemangioblastoma 


Fig. 1.44 Hereditary papillary renal cancer syndrome. Axial contrast- Fig. 1.45 Hereditary papillary renal cancer syndrome. Axial contrast- 
enhanced CT demonstrates a hypodense cyst-like mass (arrowhead). enhanced CT demonstrates bilateral solid and cystic masses (arrows). 
Lateral wall of the mass shows minimal enhancement (arrow) Solid mass in the right kidney contains calcifications 
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Fig. 1.46 Familial renal oncocytoma. Axial contrast-enhanced CT 
reveals bilateral solid renal masses (arrows) that enhance less than 
surrounding renal parenchyma 


cell carcinomas which exhibit a variety of architectural 
patterns: cystic, tubulopapillary, tubular, and solid. 

e HLRCC renal cancers are usually solitary and often 
aggressive (in contrast to the renal neoplasms seen in other 
familial syndromes where the renal tumors are multiple). 

e On imaging, these renal tumors appear hypovascular 
when small and become hypervascular as they enlarge. 


Oncocytomatosis 

e A rare condition characterized by multiple and/or bilateral 
oncocytomas, which may be innumerable (Fig. 1.46). 

e Imaging findings are similar to those of sporadic 
oncocytomas. 


Birt-Hogg-Dubé Syndrome 

e Birt-Hogg-Dubé (BHD), an autosomal dominant disor- 
der, is primarily a dermatologic condition characterized 
by the presence of tumors involving the hair follicles, 
lung cysts, and renal tumors. 

e Renal neoplasms are seen in about 15-30 % of patients 
with BHD syndrome. Renal neoplasms include chromo- 
phobe RCC (34 %), oncocytoma (5 %), hybrid chromo- 
phobe-oncocytomas (50 %), clear cell carcinoma RCC 
(9 %), and papillary RCC (2 %). 

e Extrarenal imaging findings include lung cysts, com- 
monly involving the lower lobes, with associated sponta- 
neous pneumothorax in about 25 % patients. 

e Presence of fibrofolliculomas, which appear as dome- 
shaped papules, predominantly on the upper half of 
the body, is a characteristic clinical finding in the BHD 
syndrome and helps differentiate it from other heredi- 
tary syndromes such as tuberous sclerosis, which is also 
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characterized by renal cancers and lung cysts, along with 
intracerebral lesions. 


Lynch Type Il Syndrome 

e Lynch type II syndrome is a type of hereditary nonpoly- 
posis colon cancer which includes increased risk of colon 
cancers, along with carcinomas of the endometrium (sec- 
ond most common tumor), urothelium (especially in the 
renal pelvis), stomach, small bowel, pancreas, biliary sys- 
tem, and ovaries. 


Histological Subtypes of RCC 


Clear Cell Carcinoma 

General Information 

e Accounts for 75 % of all RCCs. Also known as conven- 
tional RCC. They usually exhibit expansile growth 
pattern. 


Imaging 

Ultrasound 

e Clear cell carcinomas may manifest with hypo-, iso-, or 
hyperechoic appearance. 

e Large tumors may contain cystic components. 

Computed Tomography 

e Clear cell RCCs tend to enhance more than other RCC 
subtypes (Fig. 1.47a—c) but less than the surrounding 
renal parenchyma. 

Magnetic Resonance Imaging 

e Signal intensity on MRI varies according to presence of 
hemorrhage or necrosis. 

e Clear cell RCCs usually appear isointense with renal 
parenchyma on Tl-weighted images. On T2-weighted 
images, they exhibit high signal intensity. 

e Marked enhancement after contrast administration is 
frequently visualized on viable components of 
tumor. 


Pathology 

e About 23,000 new cases of RCC are reported each year, 
and males are affected twice as often as females. Putative 
risk factors include smoking, obesity, and acquired cystic 
kidney disease. Although the vast majority of patients are 
adults, patients in the first two decades of life with RCC 
have also been reported. 

e The diagnosis of RCC may result from investigation of 
local symptoms (hematuria, flank pain), systemic symp- 
toms (paraneoplastic syndromes), or symptoms of meta- 
static disease or may be incidental (radiological imaging 
for reasons other than renal disorders). 

e Clear cell renal cell carcinoma accounts for about 75 % of 
surgically resected renal carcinomas (Figs. 1.48 and 1.49). 


Fig. 1.47 Clear cell renal cell carcinoma. (a) Axial contrast-enhanced 
CT demonstrates an enhancing solid mass (arrow) arising from left kid- 
ney with large hypodense necrotic component (*). (b) Diagnostic 
angiography before embolization reveals hypervascularity in the renal 
mass. (c) Endovascular embolization prior to surgery was performed 
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It is believed to arise from cells lining the proximal renal 
tubules. 

e The great majority of cases show evidence of inactivation 
of a tumor suppressor gene on chromosome 3p. Most 
occur sporadically, but the incidence of clear cell RCC is 
markedly increased in certain genetically transmitted dis- 
eases, including von Hippel-Lindau disease and tuberous 
sclerosis. 

e In4-13 % of patients, multiple clear cell RCCs are pres- 
ent in the affected kidney; bilaterality occurs in 0.5-3.0 % 
of patients. 


Papillary Renal Cell Carcinoma 

General Information 

e There are several histological subtypes of RCCs with dif- 
ferent clinical behaviors and prognosis, including clear 
cell RCC, which is the commonest, followed by papillary 
RCC, the second commonest type (13-15 %). 

e Papillary RCCs are usually unilateral; however, they can 
be multifocal and bilateral. 

e Papillary RCCs are usually sporadic, and a few may be 
familial, associated with hereditary papillary renal cell 
cancer syndrome, hereditary leiomyomatosis and RCC 
syndrome, and occasionally Birt-Hogg-Dubé syndrome. 

e Type 1 papillary RCC is hereditary and associated with a 
good long-term prognosis. Type 2 is found in hereditary 
leiomyoma RCC syndrome and is a more aggressive form 
of cancer than type 1. 

e Differentiation between types 1 and 2 papillary RCC is 
not possible on imaging. 

e Papillary RCC may also manifest as cystic lesions, either 
secondary to cystic degeneration or central necrosis. 


Imaging 

Ultrasound 

e Papillary RCCs have variable sonographic appearance. 

e Cystic papillary RCCs manifest with thick-walled cystic 
structures. 

Computed Tomography 

e Differentiation from clear cell RCC is based on the 
enhancement characteristics; papillary RCC always 
enhances less than the clear cell variety on all post con- 
trast images (Fig. 1.36c). This is thought to be due to the 
differences in the intratumoral vascularity, measured as 
microvessel density (MVD). 

Magnetic Resonance Imaging 

e MRI demonstrates better tissue contrast and can better 
differentiate between solid and cystic lesions. It can 
identify pseudocapsule around the papillary RCC. The 
papillary RCC has low signal intensity on both T1- and 
T2-weighted sequences, compared to the clear cell 
RCC, which has high signal intensity on T2-weighted 
images. 
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Fig. 1.48 Clear cell renal cell 
carcinoma. Clear cell carcinoma 
ranges in size from minute to 
tumors weighing several 
kilograms. It is usually unilateral, 
unicentric, and sharply 
demarcated from normal kidney 
by a fibrous pseudocapsule and 
often exhibits a bosselated 
appearance as it projects into 
surrounding perirenal fat. In a 
small percentage of cases, 
multiple tumors are present. The 
cut surface is usually variegated; 
viable tumor is classically bright 
golden yellow due to various 
lipids within the tumor cells. 
Areas of hemorrhage and cystic 
change are commonly observed 


Fig. 1.49 Clear cell renal cell 
carcinoma. The tumor is 
composed of cells that assume a 
variety of architectural patterns 
(solid, alveolar, and acinar), all 
of which are traversed by 
thin-walled blood vessels. Cells 
have well-defined borders and 
cytoplasm that appears clear or 
lightly eosinophilic due to loss of 
constituent glycogen and/or lipid 
during processing. Fuhrman 
nuclear grading is applied to 
clear cell carcinoma; grading 
depends on nuclear size and 
shape and nucleolar prominence 
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Pathology 

e Papillary RCC accounts for 10-15 % of surgically 
resected renal carcinomas (Figs. 1.50, 1.51, and 1.52). It 
occurs in patients from early adulthood onward (mean 
age 50-55 years) and arises twice as frequently in males 
as in females. 

e Itis characterized cytogenetically by trisomy or tetrasomy 
of chromosomes 7 and 17 and loss of the Y chromosome 
in males. 

e Multifocality is noted in up to 8 % of papillary renal cell 
carcinoma and is pronounced when cancer develops in 
patients with hereditary papillary renal carcinoma 
(HPRC). The great majority of multifocal papillary renal 
cell carcinoma cases involve patients with no documented 
familial predisposition. 


Chromophobe Renal Cell Carcinoma 

General Information 

e Accounts for 5 % of all RCCs. They usually present in the 
sixth decade. 


Imaging 

Ultrasound 

e These tumors 
ultrasound. 


appear uniformly hyperechoic on 


Fig. 1.51 Papillary renal cell 
carcinoma, type 1. This neoplasm is 
composed of varying proportions of 
papillary and tubular structures. 
Variable numbers of foamy 
macrophages are typically present in 
the stroma of the papillary structures 
(arrows). Papillae are lined by a 
single layer of tumor cells. The 
architectural arrangement of the 
papillary stalks varies. Classically, 
they form exquisite and readily 
recognizable papillae, as shown here, 
but compact packing of papillary 
structures in some tumors results in a 
solid appearance less readily 
recognizable as papillary carcinoma. 
Papillary renal cell carcinoma is 
subclassified into two histological 
variants. In type 1, shown here, the 
tumor cells are small and of low 
nuclear grade, with small round to 
ovoid nuclei with inconspicuous 
nucleoli and with minimal pale or 
clear cytoplasm 
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Fig. 1.50 Papillary renal cell carcinoma. This tumor is typically a solitary 
and well-circumscribed tumor. Multifocality is noted in up to 8 % of pap- 
illary renal cell carcinoma and is pronounced in patients with hereditary 
papillary renal carcinoma. Some are small and quite inconspicuous. The 
cut surfaces vary from red to brown (if there is old hemorrhage and hemo- 
siderin accumulation) to yellow, if the stroma contains abundant stromal 
macrophages. A thick fibrous pseudocapsule is commonly present, some- 
times enclosing nothing more than liquid bloody necrotic material 
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Fig. 1.52 Papillary renal cell 
carcinoma, type 2. Type 2 tumors 
are typically larger than type 1 
tumors and of higher nuclear 
grade. The fibrovascular cores of 
type 2 tumors tend to be dense 
and fibrous rather than thin and 
delicate, and macrophages 
aggregate near areas of necrosis, 
rather than within the stalks of 
the fibrovascular cores. Tumor 
cells in type 2 tumors have 
abundant eosinophilic cytoplasm, 
large round or oval nuclei and 
prominent nucleoli 
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Fig. 1.53 Chromophobe renal cell carcinoma. This neoplasm is typi- 
cally solitary and well circumscribed and ranges in size from 1.5 to 
25 cm in diameter. The cut surface is most often solid, homogeneous, 
and light brown, as shown here; less often, the tumor is dark mahogany 
brown, gray tan, light pink, or yellow white. Those that are brown 
resemble oncocytoma; the similarity is even more pronounced in chro- 
mophobe carcinomas that exhibit central scarring 


Computed Tomography 

e CT reveals homogeneous enhancement pattern. A spoke- 
wheel pattern of enhancement can also be observed. 

Magnetic Resonance Imaging 

e Chromophobe RCCs may appear hypointense on 
T2-weighted images. 

e Uniformly enhances after gadolinium administration. 


Pathology 

e Chromophobe RCC is derived from the intercalated cells 
of renal collecting tubules (similar to oncocytoma) 
(Figs. 1.53 and 1.54). 

e It accounts for about 5 % of surgically resected renal 
carcinomas and affects men and women with about equal 
frequency. Patients range in age from 27 to 86 years, but the 
average patient age at the time of diagnosis is 55 years. 

e Chromophobe RCC is characterized cytogenetically by 
loss of entire chromosomes. 

e The prognosis for chromophobe RCC is better than for 
clear cell or papillary RCC. 


Multilocular Cystic Renal Cell Carcinoma 

General Information 

e Accounts for 1-4 % of all RCCs. 

e Prognosis is favorable. 

e Itis separated from kidney by a fibrous pseudocapsule. 
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Fig. 1.54 Chromophobe renal 
cell carcinoma. Tumor cells of 
chromophobe carcinoma are 
usually arranged in solid sheets. 
Tumors are composed of varying 
proportions of two types of cells: 
chromophobe cells and granular 
eosinophilic cells. Chromophobe 
cells (blue arrow) are large 
polygonal cells with abundant, 
nearly transparent and slightly 
flocculent cytoplasm, and 
prominent often “plant-like” cell 
membranes. Admixed with the 
large chromophobe cells are 
smaller cells (black arrow) with 
less abundant cytoplasm that is 
granular and eosinophilic. The 
nuclei of both cell types are 
hyperchromatic, irregular, and 
wrinkled (“raisinoid”) and often 
have perinuclear halos that are 
more easily recognized in the 
small eosinophilic cells 


Imaging 

e Enhancement of the septa and wall is observed in mul- 
tilocular cystic tumor. 

e Calcifications may be present. 

e Cyst fluid may be serous or hemorrhagic resulting in 
increased attenuation values on CT. 


Pathology 

e Multilocular cystic renal cell carcinoma is typically a 
solitary well-circumscribed mass with a fibrous pseudo- 
capsule. Its cytogenetic abnormalities are similar to those 
of conventional clear cell RCC. 

e It is composed entirely of cysts and septa without solid 
expansile nodules of clear cells, grossly or microscopi- 
cally (Figs. 1.55 and 1.56). 

e With adherence to strict diagnostic criteria, no examples 
of this neoplasm are known to have metastasized. 


Collecting Duct Carcinoma 

General Information 

e Also known as Bellini duct carcinoma, these tumors orig- 
inate from the collecting ducts of the kidney and account 
for only 1 % of renal carcinomas. 

e Typically present with hematuria. 

e Extremely aggressive behavior; approximately two-thirds 
of patients with collecting duct carcinoma die of cancer 
within 2 years, and in some series, mortality rates are as 
high as 83 %. 
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Imaging 
Ultrasound 
e May be hypoechoic, isoechoic, or hyperechoic on ultrasound. 


Computed Tomography 

e Infiltrative appearance with renal medullary involvement 
(Fig. 1.57). 

e Reniform contour of the kidney is usually preserved 
except when very large in size. 

e They enhance less than the renal parenchyma with poorly 
defined margins on contrast-enhanced CT. 

Magnetic Resonance Imaging 

e Low signal intensity on T1- and T2-weighted images. 


Pathology 

e Collecting duct carcinoma arises from the principal cells 
of the collecting ducts of Bellini (Figs. 1.58 and 1.59). 

e It is the least common type of RCC, accounting for 
only about 1 % of surgically resected carcinomas. Up 
to 25 % of cases are discovered incidentally, but the 
majority of patients are symptomatic when 
diagnosed. 

e Patients range in age from 13 to 84 years, with a mean age 
of 55 years. Collecting duct carcinoma occurs more com- 
monly in males, with reported male-to-female ratios as 
high as nearly 3:1. 

e Itis usually localized to the medulla and has an infiltrative 
growth pattern. Collecting ducts extend into the cortex, 
however; thus, this tumor may present anywhere in the 
kidney parenchyma. 
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Fig. 1.55 Multilocular cystic renal cell carcinoma. This neoplasm 
ranges from 0.5 to 13.0 cm in diameter. It is usually unilateral, solitary, 
well circumscribed, and composed entirely of cysts that are variable in 
size, separated by thin septa, and contain clear or hemorrhagic fluid. By 
definition, expansile solid tumor nodules are not grossly visible 
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Fig. 1.56 Multilocular cystic renal cell carcinoma. It is composed 
entirely of cysts and septa without expansile solid nodules. The septa 
consist of fibrous tissue and contain aggregates of epithelial cells with 
clear cytoplasm, (indicated by arrow) cytologically indistinguishable 
from those of grade 1 renal cell carcinoma. The cysts are lined by one 
or more layers of epithelial cells with variable amounts of clear or 
lightly eosinophilic cytoplasm. No necrosis is seen, and mitotic figures 
are absent or rare 


e Cytogenetic findings include losses of heterozygosity in 
lq (specifically 1q32), 6p, 8p, 13q, and 21q, as well as 
loss of Y. 

e Clinical stage is often advanced at the time of diagnosis, 
and prognosis is poor. 
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Fig. 1.57 Collecting duct carcinoma of the kidney. Axial image of 
contrast-enhanced CT reveals left kidney mass (long arrow) with 
infiltrative pattern resulting in perirenal fat stranding (arrowheads). 
Left psoas muscle is also infiltrated by tumor (short arrow) 


Fig. 1.58 Collecting duct carcinoma. Collecting duct carcinoma can 
originate anywhere in the parenchyma, but small cancers are often 
located centrally, as shown in this image. Tumors range in size from 1 
to 16 cm in diameter. The cut surface of collecting duct carcinoma is 
typically firm and gray white, sometimes with obvious necrosis and 
with renal vein invasion in about 20 % of cases (From MacLennan GT, 
Cheng L. Neoplasms of the kidney. In: Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 
2008, with permission) 


Medullary Carcinoma 

General Information 

e It occurs most often, but not exclusively, in patients with 
sickle cell hemoglobinopathies. 

e Affected patients are usually young; age range is from 11 
to 39 years. 

e Most commonly presents with flank pain and hematuria. 
Patients usually have metastasis at the time of presen- 
tation. 
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Fig. 1.59 Collecting duct 
carcinoma. Collecting duct 
carcinoma shows architectural 
complexity that can include 
papillary and tubular structures 
and solid cord-like areas. 
Pronounced stromal desmoplasia 
is typically present. In the image 
shown here, the tumor is 
composed of tubules lined by 
malignant cells with marked 
nuclear atypia and varying 
amounts of eosinophilic 
cytoplasm. The tumor irregularly 
infiltrates normal kidney, at right, 
forming an ill-defined interface 
with a pronounced inflammatory 
infiltrate at the junction between 
tumor and normal parenchyma 
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Fig. 1.60 Renal medullary carcinoma. (a) Gray-scale ultrasound demonstrates a hypoechoic mass (arrow). (b) Axial contrast-enhanced CT 
reveals a poorly defined hypodense mass (M) with lymph node (arrow) and liver metastases (arrowheads) 


Imaging 


e US/CT/MRI: Poorly defined infiltrative mass centered in 
the renal medulla with extension into the renal sinus and 
cortex. Early invasion into the vascular and lymphatic 


structures (Fig. 1.60a, b). 
e Reniform contour of the kidney is usually maintained. 


e May demonstrate heterogeneous appearance secondary to 


tumor necrosis. 


Pathology 
e Renal medullary carcinoma is an uncommon highly 


aggressive renal cancer that is believed to arise in the ter- 
minal collecting ducts and their adjacent papillary epithe- 
lium (Figs. 1.61 and 1.62). 

Its occurrence is very strongly associated with sickle 
cell hemoglobinopathies: The majority of affected 
patients have been African Americans with sickle 
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cell trait (HbAS) or hemoglobin SC disease (HbSC) 
and, infrequently, sickle cell disease (HbSS); rarely, it 
affects white patients without evidence of sickle cell 
hemoglobinopathies. 

e Most patients are between 5 and 40 years of age with a 
mean age at diagnosis of 19-22 years. The male-to-female 
ratio is 1.9:1, and oddly, about 75 % of tumors occur on 
the right and 25 % occur on the left. 

e Most patients are symptomatic, with both local symptoms 
(abdominal or flank pain, hematuria, mass) and systemic 
symptoms (fever, nausea, vomiting, weight loss); time from 
onset of symptoms to time of diagnosis is often short. 

e Since 95 % of patients with renal medullary carcinoma 
have metastatic cancer at the time of diagnosis or shortly 
thereafter, the prognosis is poor. Long-term disease-free 
survival is rare, and mean survival time is 19 weeks. 


Translocation Carcinoma 


Fig. 1.61 Renal medullary carcinoma. When small, renal medullary car- General Information 

cinomas are centrally located; when large, as in this case, their site of ori- ° These neoplasms account for approximately one-third of 
gin is inapparent. They are typically poorly circumscribed, lobulated, firm RCCs in the pediatric and adolescent age group. 

to rubbery, tan to gray, with varying degrees of hemorrhage and necrosis. e They have no specific imaging feature. 


The bulky necrotic tumor shown here arose in a patient with sickle cell < H d h d CT and h iit 
trait (From MacLennan GT, Resnick MI, Bostwick DG. Pathology for PORES Mass On: Pave di a 


Urologists. Philadelphia: Saunders; 2003, with permission) manifestation on T2-weighted MRI. 
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Fig. 1.62 Renal medullary 
carcinoma. The histological 
appearance includes a variety of 
architectural patterns: tubular, 
reticular, or sheet-like, to name a 
few. Tumor cells are 
pleomorphic, with large nuclei, 
prominent nucleoli, and varying 
amounts of eosinophilic 
cytoplasm. An intense 
inflammatory response is often 
present, and stromal desmoplasia 
is typical. A characteristic 
finding is the presence of sickled 
erythrocytes, evident in the lower 
half of this image 
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Fig. 1.63 Translocation carcinoma PRCC-TFE3 type. This is an example 
of PRCC-TFE3 carcinoma, which is typically yellow or gray, ranges in 
size from 3 to 14 cm in diameter, and has a fibrous pseudocapsule that has 
varying degrees of calcification in the majority of cases, sometimes sub- 
stantial enough to impart an eggshell-like consistency (From MacLennan 
GT, Cheng L. Neoplasms of the kidney. In: Bostwick DG, Cheng L, edi- 
tors. Urologic Surgical Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 
2008, with permission) 


Pathology 

e Translocation carcinomas are a group of tumors defined 
by a variety of chromosome translocation (Figs. 1.63 and 
1.64). All of the translocations involve a breakpoint at 
Xp11.2, and all result in the fusion of TFE3 transcription 
factor at this locus with one of multiple translocation 
partners. 

e Almost all of the patients are 18 years old or younger. It 
has also been seen in a portion of patients who have previ- 
ously received chemotherapy. The morphology of the 
tumor depends on the translocation involved. 


Mucinous Tubular and Spindle 
Cell Carcinoma 

General Information 

e A low-grade rare subtype of RCC 
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Imaging 

Magnetic Resonance Imaging 

e Lesion appears with low signal intensity on T2-weighted 
image. 

e Poor contrast enhancement after contrast administration. 


Pathology 

e Mucinous tubular and spindle cell carcinoma (MTSC) 
occurs predominantly in females from 13 to 82 years old, 
with a mean age of 53 years (Figs. 1.65 and 1.66). 

e Although some tumors are symptomatic, the majority are 
discovered incidentally during abdominal imaging stud- 
ies to assess other conditions. 


Malignant Nephroblastic Neoplasms 


Nephroblastoma (Wilms’ Tumor) 

General Information 

e Wilms’ tumor is the commonest pediatric renal neoplasm. 

e Ultrasound is the most common method for initial diag- 
nosis of Wilms’ tumor. CT and MRI are better modalities 
for staging of the tumor. 


Imaging 

Ultrasound 

e Wilms’ tumor appears as a large, well-defined mass. 

e It has heterogeneous echotexture that is visualized sec- 
ondary to hemorrhage and calcification (Fig. 1.674). 

e Color flow Doppler may reveal vascularity in the mass 
(Fig. 1.67b). 

Computed Tomography 

e Large, spherical, well-defined renal mass, often with a 
rim of compressed renal parenchyma or pseudocapsule 
surrounding it. May also grow exophytically if arising 
from the peripheral cortex of the kidney (Fig. 1.67c, d) 

e Appears hypodense to the surrounding normal renal 
parenchyma on contrast-enhanced scans. 

e May have heterogeneous appearance due to necrosis or 
fat deposition. 

e Calcifications are present in about 13 %. 

e Bilateral Wilms’ tumor may be seen in about 10 % of 
patients. 

e Chest CT is often done to look for pulmonary metastases, 
lungs being the commonest site of distant metastases. 

Magnetic Resonance Imaging 

e Large well-defined and well-marginated mass and low on 
T1- and high on T2-weighted images. It may have a vari- 
able appearance on both sequences due to tumor necrosis 
(Fig. 1.68a, b) and does demonstrate heterogeneous 
enhancement on postgadolinium images (Fig. 1.68c). 
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Fig. 1.64 Translocation 
carcinoma ASPL-TFE3 type. 
ASPL-TFE3 carcinoma exhibits 
nested and pseudopapillary 
growth patterns and conspicuous 
psammomatous calcifications. 
Tumor cells have well-defined 
cell borders and voluminous 
cytoplasm that is predominantly 
clear, but may be lightly 
eosinophilic or densely granular. 
Nuclei have vesicular chromatin 
and single prominent nucleoli 


Fig. 1.65 Mucinous tubular and spindle cell carcinoma. Tumors range 
from 2.2 to 12 cm in size, averaging 6-7 cm. Tumors are sharply cir- 
cumscribed, gray white, tan, or yellow and sometimes have minimal 
hemorrhage and/or necrosis. Their cut surfaces are commonly bulging, 
shiny, and mucoid, due to their content of mucin 
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Fig. 1.67 Wilms’ tumor. (a) Gray-scale ultrasound reveals a solid mass defined exophytic mass (M) enhancing less than left kidney. Tumoral 
(M) with heterogeneous echotexture arising from the kidney. (b) Color infiltration is observed along posterior contour of the left kidney 
flow Doppler ultrasound demonstrates vascular flow in the mass. Axial (arrowhead) 

and coronal (c, d) contrast-enhanced CT images demonstrate a well- 
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Fig. 1.67 (continued) 
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Fig. 1.68 Wilms’ tumor. Axial (a) and coronal (b) T2-weighted 
images reveal a large mass (arrow) with intermediate-high signal inten- 
sity originating from left kidney (arrowhead). Hyperintense areas in the 


Pathology 

e Nephroblastoma accounts for approximately 8 % of solid 
tumors in children and 80 % of pediatric renal tumors; 
75 % of patients are between | and 5 years old (Figs. 
and ). 

e It occurs rarely in adolescents and adults. Patients present 
with pain, anorexia, fever, and gross hematuria, and some 
are hypertensive. An abdominal mass is palpable in 90 % 
of patients, and bilateral tumors occur in 4.4 % of patients. 

e Nephroblastoma is associated with numerous anomalies 
(cryptorchidism, hypospadias, aniridia, hemihypertrophy) 
and syndromes (Beckwith-Wiedemann, Drash). Its devel- 
opment is linked to aberrations on several chromosomes, 
notably I 1p. 


Cystic Partially Differentiated Nephroblastoma 

e Cystic partially differentiated nephroblastoma occurs in 
young children and is regarded as part of the spectrum of 
Wilms’ tumor (Figs. and ). 

e It affects boys and girls with approximately equal fre- 
quency. Its discovery in children more than 24 months old 
is exceptionally uncommon. Complete surgical excision 
cures this lesion. 


mass are attributed to necrosis and cystic changes. (c) Contrast- 
enhanced fat-saturated Tl-weighted image reveals heterogeneous 
enhancement of the mass 


Malignant Mesenchymal Tumors Occurring 
Mainly in Children 


Clear Cell Sarcoma of Kidney 

General Information 

e Most frequently occurs in 2nd year of life. 

e Extracapsular tumor spread occurs in approximately 70 % 
of patients. 

e Most metastatic sites are lymph nodes, bone (50 % of 
patients), liver, and lung. 


Imaging 

Ultrasound 

e Large well-defined predominantly solid mass. 

e Cystic changes may be observed. Large fluid-filled cystic 
spaces with echogenic septa may also be present. 

Computed Tomography 

e A sharply demarcated solid intrarenal mass. 

e Hypodense mass on unenhanced CT with less enhancement 
relative to renal parenchyma on contrast-enhanced CT. 

e The mass can across the midline. 

e Calcification may be found in 25 % of patients. 
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Fig. 1.69 Nephroblastoma (Wilms’ tumor). Nephroblastoma is typi- 
cally more than 5 cm in diameter, often weighs more than 500 g and 
is usually circumscribed by a distinct pseudocapsule. It is multicentric 
in 7 % of cases and bilateral in 5 %. Its cut surface is pink, tan, or pale 
gray and commonly shows areas of hemorrhage, necrosis, and cyst for- 
mation. It may be soft or firm and may extend into renal vein or renal 
pelvis; in the latter case, it may assume a “botryoid” appearance 


Pathology 

e This tumor, which accounts for about 6 % of pediatric 
renal neoplasms, occurs in children of the same age as 
those affected most often by nephroblastoma (12- 
36 months) (Figs. 1.73 and 1.74). 

e Itis resistant to the treatment regimens that are effective 
for nephroblastoma, but responds to doxorubicin-based 
chemotherapy. Long-term survival rate is about 69 %. 


Rhabdoid Tumor of Kidney 

General Information 

e Aggressive and lethal malignancy. Presents as a bulky 
mass replacing kidney. 

e Palpable abdominal mass is the most frequently encoun- 
tered presenting symptom. 


Imaging 

Ultrasound 

e These tumors appear on ultrasound as a mass of mixed or 
increased echogenicity with or without calcification. 

e Nodular tumoral implants can be observed. 

Computed Tomography 

e Mixed density mass with lobulated contour. Solid por- 
tions of the mass enhance avidly. 
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e CT may reveal subcapsular fluid collections, nodular 
implants, and irregular thickening of renal capsule. 

Magnetic Resonance Imaging 

e Rhabdoid tumors present with intermediate signal inten- 
sity on T1- and T2-weighted images. 

e Subcapsular fluid collection appears hyperintense on 
T2-weighted images. 


Pathology 

e Rhabdoid tumor accounts for about 2.5 % of pediatric 
renal neoplasms, occurring in males more often than 
females (Figs. 1.75 and 1.76). The great majority of 
patients are less than 3 years old, with a median age 
of 11 months at the time of diagnosis. 

e Rhabdoid tumor carries the worst prognosis of any pedi- 
atric renal neoplasm: It commonly presents at an advanced 
stage, no satisfactory treatment regimens have been devel- 
oped, and 5-year survival is only 10-23 %. 


Renal Sarcoma 

General Information 

e Primary renal sarcomas are very rare (accounting for approx- 
imately 1 % of malignant renal parenchymal tumors). 

e Several types of renal sarcoma include leiomyosarcoma 
(Fig. 1.77a, b), angiosarcoma (Fig. 1.78a—c), hemangio- 
pericytoma, liposarcoma,rhabdomyosarcoma, fibrosarcoma, 
and osteosarcoma (Fig. 1.79a, b); the biologic behaviors of 
each tumor vary with the histological type. 

e Primary renal osteosarcoma is very rare. 


Imaging 

e Differentiation from RCC is suggested by the capsular 
origin of the sarcoma/sarcomatoid tumors, seen in about 
50 % of the renal sarcomas. 

e RCCs tend to have a parenchymal localization, and sarco- 
mas having a parenchymal origin may have a similar 
appearance as RCC on CT. 

e Renal liposarcomas usually arise in the renal capsule or 
perinephric fat and tend to cause compression rather than 
invasion of the renal parenchyma. 

e Well-differentiated liposarcomas typically are identified 
by the presence of fat, while the undifferentiated or poorly 
differentiated liposarcomas are indistinguishable from 
other sarcomas. 

e Renal osteosarcoma is suggested on CT by a peripherally 
located renal mass containing dense ossification. 


Leiomyosarcoma 

General Information 

e Leiomyosarcoma is the most common renal sarcoma, 
accounting for about 58 % of all sarcomas, followed by 
hemangiopericytoma and liposarcoma. 
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Fig. 1.70 Nephroblastoma (Wilms’ tumor). The microscopic findings 
in nephroblastoma vary according to the relative amounts of three com- 
ponents: stroma, blastema, and epithelial elements. Blastema (black 
arrow) consists of small cells with scant cytoplasm, dark nuclei, and 
numerous mitotic figures, forming serpentine arrays, nodules, or dif- 
fuse sheets. The stromal component (blue arrow) may include any of a 
number of mesenchymal derivatives, such as fibroblast-like spindle 
cells, smooth or skeletal muscle, cartilage, fat, or bone. The epithelial 


Fig. 1.71 Cystic partially 
differentiated nephroblastoma. 
This neoplasm tends to be very 
large, measuring up to 18 cm. in 
greatest dimension. It is sharply 
demarcated from the adjacent 
normal kidney and entirely 
composed of variably sized cysts, 
without expansile nodules of 
tumor (Photo courtesy of 
Nicholas Houska) 


component most often consists of poorly formed tubules (red arrow) 
and glomeruli, but epithelial cells with mucinous, squamous, neural, or 
endocrine differentiation may also be observed. Anaplasia in nephro- 
blastoma, found in about 6 % of cases, most often in patients over 
2 years old, determines “unfavorable histology,’ which worsens prog- 
nosis. It is defined as the combination of cells with large multipolar 
mitotic figures and cells with very large hyperchromatic nuclei, at least 
three times the size of typical blastemal nuclei 
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Fig. 1.72 Cystic partially 
differentiated nephroblastoma. 
The cysts are lined by low 
cuboidal or hobnail epithelium. 
Within the septa, one may find 
blastema (black arrow), luminal 
structures resembling tubules 
(red arrow), immature glomeruli, 
and mesenchymal elements, most 
often skeletal muscle and myxoid 
mesenchyme (blue arrow), less 
often cartilage or fat 


Fig. 1.73 Clear cell sarcoma of 
kidney (CCSK). CCSKs are 
large, well-circumscribed 
sharply demarcated unicentric 
masses that range from 2.3 to 
24 cm in diameter. Their cut 
surfaces are gray tan, soft, and 
mucoid, and cysts, hemorrhage, 
and small foci of necrosis are 
commonly observed. In 5 % of 
cases, renal vein extension of 
tumor is evident, and lymph 
node metastases are found in 
30 % of patients at the time of 
diagnosis (From MacLennan 
GT, Cheng L. Atlas of 
Genitourinary Pathology. New 
York/London: Springer; 2011. 
Reprinted with permission) 
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Fig. 1.74 Clear cell sarcoma. 
Tumor cells are arranged in cords 
or columns regularly intersected 
by fibrovascular septa of variable 
width. Tumor cells are plump 
and ovoid or spindled. Their 
nuclei are fairly uniform, round 
to oval, and often vesicular, with 
finely dispersed chromatin, 
inconspicuous nucleoli, and 
infrequent mitotic figures. 
Optically clear material separates 
the tumor cells and imparts a 
clear cell appearance; this 
material consists of extracellular 
mucopolysaccharide matrix 
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Fig. 1.75 Rhabdoid tumor. Rhabdoid tumor of the kidney (RTK) is 
usually unicentric and unilateral, and most weigh less than 500 g. It is 
typically soft, bulging, yellow gray, or light tan, often friable and some- 
times exhibits hemorrhage and/or necrosis. Its interface with the adja- 
cent normal kidney is indistinct (From MacLennan GT, Resnick MI, 
Bostwick DG. Pathology for Urologists. Philadelphia: Saunders; 2003, 
with permission) 


e Most patients are between 40 and 70 years of age. 

e Presenting symptoms include flank pain, abdominal mass, 
and hematuria. 

e Parenchymal-based leiomyosarcomas cannot be differen- 
tiated from RCC. 
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Imaging 

Computed Tomography 

e Leiomyosarcomas manifest as expansile solid mass with 
heterogeneous enhancement on CT (Fig. 1.77a). 

e Tumors originating from renal capsule may envelop the 
kidney. 

e Necrotic areas can be visualized as hypodense areas on CT. 
Entire lesion may appear as a multilocular cystic mass. 

Magnetic Resonance Imaging 

e Leiomyosarcomas present with heterogeneous appear- 
ance on MRI. 

e Low signal intensity areas are visualized on T1- and 
T2-weighted images (Fig. 1.77b). 

e Enhancement occurs in delayed phases secondary to 
fibrous content of the tumor. 


Pathology 

e Leiomyosarcoma, the most common primary renal sar- 
coma, is a malignant neoplasm demonstrating smooth 
muscle differentiation (Figs. 1.80 and 1.81). 

e Itaccounts for only about 0.5 % of all primary renal malig- 
nancies, but comprises 50—60 % of primary renal sarco- 
mas. Nearly all patients are adults, with a mean age of 
about 58 years and with no striking gender predilection. 

e Renal leiomyosarcoma may arise from the renal paren- 
chyma, renal capsule, main renal vein, or smooth muscle 
of renal pelvis and, rarely, in a background of renal 
angiomyolipoma. 

e The prognosis for renal leiomyosarcoma is generally 
poor, with a reported 3-year survival rate of only 20 % in 
one large series. 
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Fig. 1.77 Renal leiomyosarcoma. (a) Axial contrast-enhanced CT axial plane reveals mildly enhancing well-defined mass in the renal 
demonstrates an exophytic hypodense mass (arrow) arising from right parenchyma of the right kidney (arrow) 
kidney. (b) Contrast-enhanced fat-saturated Tl-weighted image on 


Renal Lymphoma e Bilateral renal involvement is more common and seen in 
about 75 % of cases. 
General Information e Renal lymphoma is more commonly seen with non- 
e Renal lymphoma is almost always secondary to systemic Hodgkin’s variety than Hodgkin’s lymphoma. 
disease; however, cases of primary renal lymphoma occur 
(see Pathology section). Imaging 


e Secondary renal involvement may occur either from gen- Ultrasound 
eralized hematogenous dissemination of lymphoma or by œ Lymphomatous masses appear as homogeneous 
direct extension of retroperitoneal disease. hypoechoic lesions on ultrasound (Fig. 1.82). 
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Fig. 1.78 Angiosarcoma of the kidney. (a) Power Doppler ultrasound 
demonstrates a poorly circumscribed mass (arrow) with heterogeneous 
echotexture arising from the left kidney (arrowhead). (b) Contrast- 
enhanced CT reveals a hypodense renal mass (arrow) invading neigh- 
boring structures. (c) Axial contrast-enhanced CT of another patient 
demonstrates a mass (arrow) originating from the right kidney. 
Peripherally enhancing serpiginous components appear hyperdense 
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Fig. 1.79 Renal osteosarcoma. (a) Gray-scale ultrasound image 
reveals a crescent shape calcification (arrow) along the posterolateral 
border of the right kidney with posterior acoustic shadowing which was 
assumed to be parenchymal calcification. (b) Axial CT of same patient 
performed for other reasons after 1 year demonstrates a large ill-defined 
heterogeneous mass with irregular calcifications (arrow) 
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e Diffuse lymphomatous involvement causes enlarged kid- 
ney with diffuse hypoechoic appearance. 

e Color flow Doppler ultrasound reveals vascularity in the 
masses. Displacement of normal renal vessels can be 
observed. 

Computed Tomography 

e Five CT patterns of renal lymphoma can be visualized 
(Table 1.7). 

e Multiple renal masses/nodules are the most common CT 
manifestation of renal lymphoma, occurring in about 
59 % of cases. 

e These nodule or masses are hypodense to the surrounding 
normal renal parenchyma and have a homogeneous 
appearance (Fig. 1.83). CT can also reveal perirenal lym- 
phomatous infiltration (Fig. 1.84a, b). 

e The renal vasculature remains patent despite tumor 
encasement and is very characteristic for lymphoma. 

Magnetic Resonance Imaging 

e Renal lymphoma is hypointense on T1-weighted images 
and hypo- to isointense on T2-weighted images, with evi- 


Fig. 1.80 Leiomyosarcoma. Renal leiomyosarcomas are usually large : 
(up to 23 cm), solid at least focally necrotic. The degree of tumor cir- dence of enhancement (Fig. 1.85a—c). 
cumscription varies. Most are gray white and soft to firm; some have a 
whorled cut surface. The tumor shown in this image arose in a back- 
ground of angiomyolipoma (From MacLennan GT, Cheng L. Neoplasms 
of the kidney. In: Bostwick DG, Cheng L, editors. Urologic Surgical 
Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 2008, with permission) 
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Fig. 1.81 Leiomyosarcoma. The 
microscopic features of renal 
leiomyosarcoma are similar to 
those of leiomyosarcoma at other 
sites. It is composed of spindled 
nontapered eosinophilic cells 
with blunt-ended nuclei, with 
fascicular, plexiform, or 
haphazard architecture. The 
degree of nuclear pleomorphism 
is variable, as are mitotic rates. 
Necrosis and microscopic 
vascular invasion are often 
present 
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Fig. 1.82 Renal lymphoma. Gray-scale ultrasound demonstrates 
ill-defined hypoechoic masses (arrows) in the renal parenchyma repre- 
senting renal lymphoma 


Table 1.7 CT patterns of kidney lymphoma 


Multiple renal masses 

Solitary mass 

Renal invasion from contiguous retroperitoneal disease 
Perirenal disease 

Diffuse renal infiltration 


Fig. 1.84 Perirenal lymphomatous infiltration. Axial contrast- 
enhanced CT images (a, b) demonstrate bilateral renal capsular thick- 
ening and perirenal stranding enveloping kidney (arrows) with enlarged 
paraaortic lymph nodes (arrowheads) 


Fig. 1.83 Renal lymphoma. Axial contrast-enhanced CT demonstrates 
bilateral well-defined hypodense masses (arrows) in the renal 
parenchyma 
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Fig. 1.85 Axial (a), coronal (b) T2-weighted images demonstrate 
multiple hypointense foci (arrows) in the renal parenchyma represent- 
ing lymphomatous infiltration. (c) Sagittal view of contrast-enhanced 


Pathology 


Primary renal lymphoma accounts for less than 1 % of all 
extranodal lymphomas; it is defined as lymphoma that 
presents initially with signs and symptoms related to the 
kidneys and is by all diagnostic criteria initially limited to 
one or both kidneys (Figs. 1.86 and 1.87). 

It has been reported to account for as many as 3 % of 
surgically excised renal tumors initially regarded clini- 
cally as renal carcinoma. 

Patients present in either of two clinical scenarios: those 
with renal masses mimicking renal cell carcinoma and 
those who present with acute renal failure associated with 
massive bilateral renal infiltration by lymphoma. In those 


Tl-weighted image reveals lymphomatous masses as hypo intense 
masses in the renal parenchyma (arrow) 


with renal masses, clinical and radiological features that 
suggest renal lymphoma include multifocal and/or bilat- 
eral lesions, predominantly perirenal plaques, extrarenal 
extension of tumor, and very prominent hilar 
adenopathy. 

Some lymphomas show renal vein or even vena cava 
extension, a radiological feature typical of renal cell 
carcinoma. 

The prognosis for primary renal lymphoma is guarded. 
There are many reports of complete remission. Detection 
of extrarenal disease after an initial diagnosis of primary 
renal lymphoma portends a poor outcome in some but not 
all instances. 
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Fig. 1.86 Lymphoma. Renal 
lymphoma sometimes presents 
with clinical and radiological 
manifestations indistinguishable 
from renal carcinoma, prompting 
nephrectomy, as in the case shown 
here. Renal lymphoma produces 
single or multiple tumor nodules 
that are variably described as 
friable, soft and fleshy, or firm or 
rock hard. The nodules are usually 
pale tan, pink, or gray white, with 
varying degrees of necrosis and/or 
hemorrhage, and may obliterate 
substantial portions of the renal 
parenchyma. Perirenal soft tissue 
extension and infiltration of the 
adrenal and/or renal hilar vessels 
are common (From MacLennan 
GT, Resnick MI, Bostwick DG. 
Pathology for Urologists. 
Philadelphia: Saunders; 2003, 
with permission) 


Fig. 1.87 Lymphoma. 
Lymphoma may grow in diffuse 
expansile sheets or may infiltrate 
the renal parenchyma in an 
interstitial pattern, sparing 
tubules, and glomeruli, as 
illustrated here. Although 
virtually all histological 
lymphoma subtypes may be 
encountered, diffuse large B-cell 
lymphoma (shown here) and its 
variants are the most commonly 
encountered renal lymphomas 
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Fig. 1.88 Renal metastasis. Axial (a) and coronal (b) CT images reveal ill-defined masses (arrows) less enhancing relative to renal parenchyma. 
(c) PET-CT demonstrates increased metabolic activity (arrows) in the lesions confirming malignancy 


Imaging 
Ultrasound 
Metastases e Heterogeneous hypoechoic solid masses. 
e Color flow Doppler may detect vascular signal. 
General Information e Multiple metastases may cause diffuse heterogeneous 
e The kidney is the fifth most common site of metastases in appearance. 
the body, after lung, liver, bone, and adrenals. Computed Tomography 
e The three primary neoplasms with the highest frequency ° Most common appearance of renal metastases is that of 
of renal metastases are lung, breast, and carcinoma of the multiple bilateral lesions which are best seen on contrast- 


other kidney. enhanced scans (Fig. ). 
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Fig. 1.89 Pancreatic cancer invading kidney. Axial (a) and coronal (b) CT images demonstrate invasion of left kidney by pancreatic tail carci- 
noma (arrows) 


e Solitary exophytic metastasis is often seen with colon 
cancer; metastatic melanoma often shows perinephric 
tumor extension. 

e CT can also demonstrate tumoral invasion of kidney from 
neighboring organs (Fig. ). 


Other Kidney Neoplasms 


(a) Transitional cell carcinoma: Clinical, radiological, and 
pathological features of TCC are described in Chap. 8. 
Posttransplant lymphoproliferative disorder (PTLD): 
PTLD is described with imaging features in Chap. 6. 
(c) Extramedullary hematopoiesis: Extramedullary hematopo- 
iesis (EMH) results from erythropoiesis failure in bone 
marrow. EMH occurs most often in the spleen and liver 
and occasionally in the lymph nodes. Renal involvement 
may include renal parenchyma, renal pelvis, and perire- 
nal space. Parenchymal involvement may manifest as 
diffusely enlarged kidney or focal lesions. Perirenal type 


(b 


wm 


appears as single or multiple nodular masses (Fig. | 

). On CT, EMH presents as hypodense masses with mild 
enhancement. Bone marrow imaging with indium 111 
(In) chloride (‘'InCl,) and °"Tc-sulfur colloid has 
been useful in the diagnosis of EMH. 


(d) Rare tumors: Carcinoid, small cell carcinoma, primitive 


neuroectodermal tumor, neuroblastoma, and teratoma. 


(e) Inflammatory Pseudotumor of the Kidney 


° Inflammatory pseudotumor (IPT) of the kidney is a 
rare benign condition with unknown etiology that can 
mimic malignancy. 

e Admixed inflammatory and fibroblastic cell infiltration 
forms mass-like lesion. 

e IPT lesions may present as a well-circumscribed, 
polypoid, locally aggressive, or infiltrating mass. 

e Hypo- or hyperechoic lesions with ill-defined or well- 
circumscribed margins are sonographic features of 
IPT of kidney (Fig. ). 

e CT features of IPT are variable and may appear simi- 
lar to RCC (Fig. b): 
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Fig. 1.90 Perirenal hematopoiesis. (a) Axial contrast-enhanced CT 
(delayed excretory phase) of a patient with myelofibrosis demonstrates 
multiple nodular densities (arrowheads) surrounding right kidney. 


e Solid portions of IPT of the kidney appear hypoin- 
tense on T2-weighted MRI (Fig. 1.93a-c). 
Enhancement of IPT begins in the arterial phase but 
increases in the venous phase. Delayed enhancement 
of IPT is probably due to an accumulation of extravas- 
cular contrast media in the fibrotic component of the 
lesion. 


Pathology 

e Tumor is white and fibrous, predominantly intrarenal, and 
well circumscribed, without hemorrhage or necrosis. Some 
have a myxoid or gelatinous cut surface (Fig. 1.94a). 

e Three histological patterns are described: one character- 
ized by loosely organized spindle cells admixed with 
inflammatory cells and small blood vessels in an 
inflammatory background; a second, in which spindle 
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Splenomegaly (arrow) is also observed. (b) Axial bone window image 
of pelvic CT reveals increased density of bones representing bone mar- 
row replacement with myelofibrosis 


cells are much more abundant and are admixed with col- 
lagen and inflammatory cells; and a third, consisting of 
hypocellular fibrous tissue with dense keloid-like fibrosis 
and relatively few inflammatory cells (Fig. 1.94b). 


Role of PET in Renal Neoplasms 


e Positron emission tomography (PET) has been used in the 


diagnosis and management of renal masses. The accuracy 
of PET in the diagnosis of renal cell carcinoma (RCC) 
is about 94 %. Excretion of fluorodeoxyglucose (FDG) 
from the kidney results in potential interpretive problems 
on PET. Also, PET has limited role in differential diagno- 
sis of renal neoplasms. Summary of PET findings in renal 
masses is summarized in Table 1.8. 
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Fig. 1.91 Inflammatory 
pseudotumor of the kidney. 

(a) Gray-scale ultrasound 
demonstrates a well-defined 
isoechoic mass (arrow) arising 
from inferior pole of the right 
kidney. (b) Color flow Doppler 
ultrasound reveals vascularity in 
the mass 
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Fig. 1.92 Inflammatory pseudotumor. (a) Axial contrast-enhanced CT demonstrates a hypodense mass (arrow) with lobulated appearance in the 
left kidney. (b) Coronal CT corresponding reveals a well-defined low-attenuation mass arising from upper pole the left kidney (arrow) 
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Fig. 1.93 Inflammatory pseudotumor. (a) T2-weighted MRI (from 
another patient) reveals a right renal parenchymal mass (arrow) located 
posteriorly with peripheral hypointense solid and central hyperintense 
cystic component and extension to the paraspinal/perinephric region. 
(b) After gadolinium administration, axial image shows that peripheral 
solid component and septa formations of lesion enhance earlier but less 


than the surrounding renal parenchyma, suggesting malignancy. (c) 
Coronal image shows septal enhancement and extension of the right 
renal mass into the psoas muscle. There is no extension into the renal 
vein (With permission from Onur MR, Firdolas F, Kocakog E, Orhan I. 
Inflammatory pseudotumor of the kidney. J Clin Imaging Sci. 2011;1:7. 
Epub 2011 Jan 8) 
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Fig. 1.94 Inflammatory 
myofibroblastic tumor. (a) A 
white partially intrarenal fibrous 
lesion without hemorrhage or 
necrosis. (b) Inflammatory 
myofibroblastic tumor. Tumor is 
a mixture of spindle cells, 
lymphocytes, and plasma cells. 
The spindle cells in these lesions 
show myofibroblastic 
differentiation (From 
MacLennan GT, Cheng L. Atlas 
of Genitourinary Pathology. New 
York: Springer; 2011, with 
permission) 
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Table 1.8 Role of PET/CT Bosniak category 


: Imaging features 
in renal masses 


Category I 


Simple benign cysts showing homogene- 
ity, water content, and a sharp interface 


M.R. Onur et al. 
Role of PET/CT 
No role in characterization 
Photopenic lesions 


with adjacent renal parenchyma, with no 
wall thickening, calcification, or 


enhancement 
Category II 


Cystic lesions with one or two thin (1 mm 
thick) septations or thin, fine calcification 
in their walls or septa (wall thickening 


No role in characterization 
Potential role in precise localization and 
drainage of infected cysts 


>] mm advances the lesion into surgical 
category II) and hyperdense benign cysts 
with all the features of category I cysts 
except for homogeneously high 


attenuation 
Category II F 


Minimally complicated cysts that need 
follow-up. This is a group not well 
defined by Bosniak, but consists of lesions 


Potential role in noninvasive characterization 


Potential role in precise localization and 
drainage of infected cysts 


that do not neatly fall into category II. 
These lesions have some suspicious 
features that deserve follow-up to detect 
any change in character 


Category III 


True indeterminate cystic masses that 


Useful for noninvasive characterization 


need surgical evaluation, although many 
prove to be benign. They may show 
uniform wall thickening, nodularity, thick 
or irregular peripheral calcification, or a 
multilocular nature with multiple 


enhancing septa. 


Hyperdense lesions that do not fulfill 
category II criteria are included in this 


group 
Category IV 


the cystic lesion 


Enhancement was considered present 


Lesions with a nonuniform or enhancing 
thick wall, enhancing or large nodules in 
the wall, or clearly solid components in 


Negative PET in conjunction with negative 
cyst aspiration offers confirmatory evidence 
of benignity 

Lesion would be best characterized with 
contrast-enhanced CT/MR and biopsy 
confirmation 


Role in restaging and metastatic disease 


when lesion components increased by at 


least 10 HU 


Reproduced from Kochhar R, Brown RK, Wong CO, Dunnick NR, Frey KA, Manoharan P. Role of FDG PET/CT 
in imaging of renal lesions. J Med Imaging Radiat Oncol. 2010;54(4):347-57 
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of the Kidney 
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Introduction 


e The diagnosis of renal inflammatory diseases is primarily 
based on a combination of clinical and laboratory findings 
such as bacteriuria, pyuria, positive urine culture, and 
leukocytosis. 

e In general, imaging is not required for diagnosis and treat- 
ment of uncomplicated infections in adult patients. 

e However, patients suspected of having an acute renal 
infection and those who are not responding to intravenous 
antibiotic treatment within 72 h require imaging. 

e Imaging of urinary tract infection (UTI) in children is 
more important than in adults because of the much higher 
potential for significant irreversible renal damage with 
sequelae of hypertension and chronic renal failure. 


Acute Pyelonephritis 
Acute Bacterial Renal Infection in Children 


General Information 

e Approximately 1-3 % of prepubertal children are diag- 
nosed with UTI as a bacterial infection of the renal paren- 
chyma, bladder, or urethra. 

e Acute pyelonephritis is a bacterial or fungal infection of 
the renal parenchyma and collecting system. 
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e Bacterial pyelonephritis may occur by hematogenous 
seeding, while an ascending route from the bladder is the 
most common pathway in children. 


Imaging 

Intravenous Pyelography 

e Intravenous pyelography (IVP) can be used to assess the 
morphology of the urinary tract, if renal function is 
adequate. 

e Approximately 20-25 % of patients with acute renal infec- 
tion have abnormal imaging findings, including dilatation of 
the ureter, loss of visualization of a portion of renal outline, 
diffuse renal enlargement, and decreased nephrogram. 

Ultrasound 

e Ultrasound findings of acute bacterial renal infection in 
children are given in Table 2.1 (Fig. 2.1a, b). 

e Focal pyelonephritis or lobar nephronia is a localized 
infection without major suppuration. It usually appears as 
a poorly defined mass with focal loss of the regional cor- 
ticomedullary differentiation on ultrasound. The abnor- 
mal focus can be relatively anechoic with low-level echoes 
or can be more echogenic than the kidney. 

e Renal ultrasound is also useful in the diagnosis of compli- 
cations secondary to acute pyelonephritis such as abscess, 
pyonephrosis, and perirenal fluid collections (Figs. 2.1 
and 2.2a, b). 

e Combining gray-scale ultrasound and power Doppler 
ultrasound can provide a comprehensive evaluation of the 
renal parenchyma in acute pyelonephritis with impaired 
renal function. 


Table 2.1 Ultrasound findings in acute bacterial renal infection in 
children 

Renal enlargement 

Decreased or increased parenchymal echogenicity 

Minimal dilatation of renal pelvis 

Loss of normal corticomedullary differentiation 

Focal, poorly defined mass with variable echogenicity 
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Fig. 2.1 Complicated acute bacterial pyelonephritis (ABP) in a 
3-year-old girl with immunodeficiency. Ultrasound scans of right (a) 
and left (b) kidneys reveal bilateral diffuse enlargement with loss of 
the corticomedullary differentiation (arrow), multiple scattered areas 
of decreased echogenicity, and dilated renal pelvis (arrow) represent- 
ing diffuse spread of the inflammatory process, features consistent 
with complicated acute pyelonephritis, and pyonephrosis. (c) Contrast- 
enhanced CT scan demonstrates bilateral diffuse renal involvement 
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with scattered nonenhancing foci representing microabscesses (arrow- 
heads) and a large cystic fluid collection in the left kidney (arrow) 
suggestive of a renal abscess. The maximum intensity projection image 
from excretory magnetic resonance urography (MRU) (d) and the max- 
imum intensity projection image from T2-weighted half-Fourier acqui- 
sition single-shot turbo spin-echo (HASTE) sequence (e) reveal the 
true pathology that is consistent with bilateral multifocal renal 
abscesses associated with complicated ABP (dashed arrows) 
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Fig. 2.2 Acute bacterial pyelonephritis. Transverse (a) and longitudi- 
nal (b) ultrasound scans of a 13 months old boy performed after an 
episode of UTI reveal echogenic caliceal debris associated with ABP 
(arrows) (Courtesy of Alparslan Unsal, MD, Aydin, Turkey) 


e Power Doppler ultrasound is superior to color-flow 
Doppler in defining extent of areas of hypoperfusion 
because most pyelonephritic lesions are ischemic. 

Computed Tomography 

e Computed tomography (CT) is a sensitive study in evalu- 
ation of the renal parenchyma in acute renal infection. 

e Inflammatory edema and microabscess may be demon- 
strated in the abnormal renal parenchyma. 

e Rounded or irregular parenchymal abnormalities 
appear as a patchy low-density areas on nonenhanced 
CT scans. 

e After administration of radiographic contrast, these 
regions are seen as areas of decreased enhancement 
(Fig. 2.1c). 

Magnetic Resonance Imaging 

e Parenchymal alterations in complicated renal infections 
can be demonstrated on MRI. 

e Abscess formations appear as hypointense on T1-weighted 
and hyperintense on T2-weighted images (Fig. 2.1d, e). 
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Table 2.2 Differential diagnosis of acute pyelonephritis in children 


Ureteric obstruction 

Contusion 

Tubular obstruction 

Hypotension 

Scarring 

Autosomal recessive polycystic kidney disease 
Renal abscess 


Nuclear Scintigraphy 

e In children, radionuclide imaging is strongly recom- 
mended both at early and late stages of the acute pyelone- 
phritis because of the potential of significant functional 
deficits within areas of inflammation and suppuration. 

e Radionuclide imaging with Tc-99m dimercaptosuccinic 
acid (DMSA) is considered the most sensitive modality 
for the imaging of renal cortex in children. 

e It may show areas of peripheral decreased uptake related 
to acute pyelonephritis or scar formation. 


Differential Diagnosis 

e The differential diagnosis of acute pyelonephritis is given in 
Table 2.2. Focal pyelonephritis causing a focal area of edema 
should be differentiated from various mass lesions, includ- 
ing a renal abscess, which usually appears more complex. 


Pearls and Pitfalls 

e It is difficult to exclude the diagnosis of acute pyelone- 
phritis with imaging studies because IVP, CT, and ultra- 
sound findings can be normal in up to 75 % of the cases. 

e On ultrasound, abnormal echogenicity areas can occa- 
sionally be misinterpreted as mass lesions. 

e Although renal infection can be localized by DMSA, it 
occasionally cannot be definitely distinguished from a 
sterile inflammation by using any kind of radiotracer. 


Acute Bacterial Renal Infection in Adults 


General Information 

e The incidence of acute bacterial pyelonephritis (ABP) is 
high, with an increasing rate of hospitalization. 

e Inthe United States, approximately 250,000 cases of ABP 
with more than 100,000 hospitalizations occur each year. 


Imaging 

Intravenous Pyelography 

e The main role of IVP in the imaging of infection involves 
screening for obstruction, although this is now better 
demonstrated by other modalities. 

e Only 25 % of cases of ABP will have positive IVP findings, 
including enlargement of the affected kidney, delayed con- 
trast excretion, and compression of the collecting system. 
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Fig. 2.3 Hemorrhagic acute pyelonephritis in a 45-year-old woman 
presented with left flank pain. (a) Nonenhanced CT scan demonstrates 
a low-attenuation collection in the left perirenal space (arrow). (b) 
Contrast-enhanced CT scan reveals a perirenal fluid collection with 


Ultrasound 

e Sonographically, variable echotexture changes of the 
renal parenchyma have been described for ABP. 

e They are in the form of hypoechoic lesions or to a lesser 
degree, hyperechoic foci. 

e The former are attributed to edema, whereas the latter 
may be due to hemorrhage. 

e Ultrasound can also be used to detect and monitor the 
progress of focal inflammatory masses. 

e Thus, ultrasound is widely used either as a complement to 
the IVP or as a screening modality, which may or may not 
be followed by CT scan, depending on the findings. 

Computed Tomography 

e CT is considered the imaging modality of choice in the 
evaluation of patients with ABP. 

e Itis superior to both ultrasound and IVP in detecting mor- 
phologic and functional abnormalities, defining the extent 
of disease, and detecting the formation of renal subcapsu- 
lar or perinephric abscess or hematoma (Fig. 2.3a-c). 


mixed attenuation (arrow) and thickening of Géerota’s fascia. 
Preoperative diagnosis was perirenal abscess. (c) Left nephrectomy 
revealed an acute pyelonephritis with perirenal hematoma 


e In hemorrhagic bacterial pyelonephritis, nonenhanced CT 
may demonstrate, on occasion, wedge-shaped or rounded 
areas with increased attenuation due to parenchymal 


bleeding. 
e Nonenhanced CT is an excellent study for identifying cal- 
culi, gas formation, hemorrhage, parenchymal 


calcification, urinary obstruction, renal enlargement, and 
inflammatory masses. 

e Typical findings of ABP after intravenous contrast admin- 
istration include ill-defined, wedge-shaped lesions of 
decreased attenuation radiating from the papilla in the 
medulla to the cortical surface. 

e These wedge-shaped lesions probably represent areas of 
poorly or nonfunctioning parenchyma due to vasospasm, 
tubular obstruction, and/or interstitial edema. 

e The nonspecific appearance of a striated nephrogram in 
the excretory phase on CT comprises linear bands of 
alternating hyper- and hypoattenuation parallel to the axes 
of tubules and collecting ducts, corresponding to 
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Table 2.3 Causes of striated nephrogram on CT 
Acute pyelonephritis 

Acute urinary obstruction 

Renal vein thrombosis 

Renal contusion 

Hypotension 

Medullary sponge kidney 

Autosomal recessive polycystic kidney disease 
Tubular obstruction (myoglobinuria) 


obstructed tubules with intervening normal tubules, which 
is associated with stasis of contrast material in dilated 
ducts due to edematous renal parenchyma (Table 2.3). 


Pathology 

e Acute bacterial pyelonephritis results from an ascending 
infection that originates in the lower urinary tract. 

e Grossly, the collecting system is thickened, with yellow- 
white abscesses located throughout the renal paren- 
chyma. An abscess is composed of central necrosis, 
surrounded by a zone of preserved neutrophils, all of 
which is surrounded by dilated vessels and fibroblasts. 
Fibroblastic proliferations serve to organize and confine 
processes and cause adjacent structures to contract. 
Cortical abscesses may result in hematogenous spread, 
further seeding the kidney with microorganisms 
(Fig. 2.4). 

e Histologically, the predominant finding is neutrophils; 
neutrophils are present in the interstitium and in the renal 
tubules (eventually forming white blood cell casts) 
(Fig. 2.5). In early infection, neutrophils and bacteria may 
be seen in the collecting ducts. 


Differential Diagnosis 

e On CT, differential diagnosis for focal areas of hypoat- 
tenuation includes renal infarction, tumors (renal cell car- 
cinoma), and scarring. 

e The hypoattenuating areas associated with infarcts and 
tumors persist following antibiotic treatment, in contrast 
to those caused by ABP. 

e Furthermore, scarring rarely occurs in adult patients. 


Pearls and Pitfalls 

e On ultrasound, the combination of a hypoechoic area and 
a focal inflammatory bulge to the perinephric space may 
be misinterpreted as a neoplasm. 

e On CT, streak artifacts during the excretory phase may 
give a false impression of abnormal nephrogram. 

e The appearance of a “striated nephrogram” is not 
pathognomonic for ABP and can be seen in kidneys fol- 
lowing renal trauma, in medullary sponge kidney and in 
autosomal recessive polycystic kidney disease 
(Table 2.3). 
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Fig. 2.4 Acute pyelonephritis. Patient died of sepsis after inadvertent 
ligation of one ureter. The kidney is swollen and pale. Microabscesses 
are visible on the cortical surface (From MacLennan GT, Cheng L. 
Atlas of Genitourinary Pathology. New York: Springer; 2011. Reprinted 
with permission) 


Chronic Pyelonephritis 
General Information 


e Chronic pyelonephritis is a chronic interstitial nephritis 
that may arise secondary to a host of etiologic causes, 
including recurrent infection, autoimmune diseases, cal- 
culous disease, and chronic obstruction. 


Imaging 


The imaging findings of chronic pyelonephritis are summa- 

rized in Table 2.4. 

Intravenous Pyelography 

e Renal size is usually decreased, unless chronic obstruc- 
tion is present, in which case the renal size may be 
increased. 

e Renal contour blurring. 

e Cortical thinning. 
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Fig. 2.5 Acute pyelonephritis. an y z 

Abundant neutrophils are present Fa t ta‘ pn 
in the interstitium and within à 
renal tubules 


Table 2.4 Imaging findings in chronic pyelonephritis 


Renal scarring 

Renal atrophy 

Cortical thinning 

Hypertrophy of residual normal tissue 
Caliceal clubbing 

Dilatation of the calyceal system 
Renal asymmetry 


e Focal nonfunctional area in nephrogram phase. 

Ultrasound 

e Focal or diffuse cortical thinning 

e Renal scar formation 

e Distortion of renal contours 

Computed Tomography 

e The kidney is usually shrunken and has an irregular outer 
margin (Fig. 2.6). 

e Renal scar formation presents as defect in the margin of 
the kidney between two calyces. 

e Decreased contrast excretion on enhanced CT. 

e Fibrotic distortion of the collecting system. 


Pathology 
e Chronic pyelonephritis is a general term implying chronic 


interstitial renal infection due to long-standing obstruc- 
tion or vesicoureteric reflux, resulting in loss of renal 
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Fig.2.6 Forty-year-old woman with recurrent pyelonephritis. Contrast- 
enhanced CT scan reveals severe parenchymal scarring of and decreased 
contrast excretion from the right kidney (arrow). The left kidney is 
normal 


parenchyma, with scarring. Chronic pyelonephritis 
accounts for 5-15 % of cases of end-stage renal failure. 
Most patients are asymptomatic until hypertension or ure- 
mia develops. 

e The gross findings in chronic pyelonephritis are variable. 
When the condition is obstruction related, the kidney may 
be large due to dilatation of the collecting system, and the 
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Fig. 2.7 Chronic obstructive pyelonephritis. The renal damage in a 
setting of obstructed renal drainage results from pressure-related atro- 
phy and chronic infection. This patient had long-standing distal ureteral 
obstruction. The renal pelvis and calyces are dilated, with flattening or 
obliteration of papillae and global thinning of renal cortex 


cortical surface is distorted by irregular scars (Fig. 2.7). 
Beneath the scars, the renal cortex is thin, and the papillae 
are scalloped or obliterated, causing the affected calyces 
to appear dilated. 

e Microscopically, chronic pyelonephritis consists of intersti- 
tial fibrosis, tubular atrophy, and sclerosis of glomeruli, often 
patchy in distribution (Fig. 2.8). The interstitial inflammation 
is mixed but is composed mainly of lymphocytes. Tubules 
usually contain eosinophilic material, a feature known as 
“thyroidization.” Arteries and arterioles commonly show 
fibrosis, mural hyalinization, and occlusion. 


Differential Diagnosis 


e Several conditions involving the loss of renal parenchy- 
mal tissue such as infarction or papillary necrosis and 
fetal lobulation should be considered in the differential 
diagnosis of renal scarring. 
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Pearls and Pitfalls 


e On ultrasound, the limited depiction of calyces may 
preclude the distinction of a renal scarring in cases with 
chronic pyelonephritis. 

e Inchronic pyelonephritis, tubules usually contain eosino- 
philic material, a feature known as “thyroidization.” 


Vesicoureteral Reflux and Reflux Nephropathy 
General Information 


e Vesicoureteral reflux (VUR) is described as the existence 
of retrograde urine flow from the bladder to the ureter and 
the upper urinary tract. 

e This condition usually develops secondary to the primary 
abnormality of the vesicoureteral junction and may cause 
focal or diffuse acute and/or chronic pyelonephritis. 

e The prevalence of VUR in asymptomatic children is less than 
0.5 %, but VUR is seen in up to 50 % of children with UTIs. 
Renal damage, also termed “reflux nephropathy,’ develops in 
only 10 % of the children with symptomatic UTI. 


Imaging 


Intravenous Pyelography 

e IVP can demonstrate cortical contour deformity associ- 
ated with a clubbed calix. 

e In the past, IVP was the preferred diagnostic method in 
the demonstration of renal scarring and parenchymal 
function but was replaced by ultrasound and DMSA 
renal scintigraphy because of its low sensitivity in iden- 
tifying these abnormalities, the nephrotoxic potential of 
contrast materials used, and the necessity for exposure to 
radiation. 

Voiding Cystoureterography 

e The gold standard method for the evaluation of VUR is 
the conventional voiding cystoureterography (VCUG) 
(Fig. 2.9a). 

e The international system of radiologic grading of vesi- 
coureteral reflux has assigned five grades of reflux on 
VCUG: 

Grade 0: Indicates no VUR 

Grade 1: VUR that does not reach the renal pelvis 

Grade 2: VUR extending to the renal pelvis without dilatation 

Grade 3: VUR extending to the kidney with mild ureteral 
dilatation and mild to moderate pelvicalyceal dilatation 

Grade 4: VUR extending to the kidney with moderate 
ureteral dilatation and complete obliteration of the 
sharp angles of all fornices 
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Grade 5: VUR extending to the kidney with a tortuous 
ureter and moderate dilatation of the renal pelvis to 
extreme dilatation of the entire upper urinary tract 

e The sensitivity of VCUG depends on the severity of the 
VUR. It has been demonstrated that VCUG has 100 % 
sensitivity in the diagnosis of grade 4 and grade 5 
VUR. 

Ultrasound 

e Ultrasound may be helpful for the detection of parenchy- 
mal damage and dilatation of the collecting system. 

e Features of VUR that may be evident by ultrasound 
include diminished renal length and dilatation of the ure- 
ter, the renal pelvis, and the renal calyces. 

e Ureteral dilatation was found to be the most helpful diag- 
nostic feature in detection of the higher grades of VUR by 
ultrasound. 

e Recently, it has been advocated that echo contrast- 
enhanced cystosonography may be useful in diagnosing, 
grading, and following up on patients with VUR. 

Magnetic Resonance Imaging 

e Multiplanar cross-sectional T1- and T2-weighted mag- 
netic resonance imaging (MRI) combined with unen- 
hanced 3D magnetic resonance urography (MRU) is 
potentially useful for morphological evaluation of the uri- 
nary system, without the hazards related to the use of 
intravenous iodinated contrast agents. 

e In addition to morphological evaluation, contrast- 
enhanced MRU provides functional information about 
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renal perfusion, concentration, and excretion of contrast 
agent (Fig. 2.9b, c). 

Gadolinium-enhanced T1-weighted excretory MRU may 
demonstrate the parenchymal scars and perfusion defects 
associated with reflux nephropathy. 

Probably, the greatest advantage of the use of this 
Tl-weighted gadolinium-enhanced 3D-MRU technique 
is the visualization of the urinary tract of patients with 
impaired renal function. 

Unenhanced T2-weighted MRU technique allows excel- 
lent visualization of the urinary tract and is useful in 
patients with dilated collecting systems. However, a non- 
dilated urinary tract is either invisible or incompletely 
visualized with this technique, whereas excellent visual- 
ization is achieved with contrast-enhanced T1-weighted 
excretory MRU. 


Nuclear Scintigraphy 
e Direct radionuclide cystography with a °™Tc-labeled 


agent (sulfur colloid, diethylenetriamine penta-acetate 
[DTPA], or pertechnetate) is a well-accepted alternative 
to fluoroscopic VCUG for screening asymptomatic chil- 
dren, for follow-up examination of children with vesi- 
coureteral reflux (VUR), for postoperative evaluation 
after ureteral reimplantation, and for excluding VUR. 


e °™Tc-labeled DTPA scintigraphy is more sensitive than 


VCUG in detection of VUR. 


e DMSA renal scintigraphy has been found to be more sen- 


sitive than IVP in the evaluation of focal renal scars. 
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Fig. 2.9 VUR and reflux nephropathy in 5-year-old boy with recurrent 
bladder infection. (a) Retrograde voiding cystourethrogram reveals 
marked dilatation of the left ureter and left renal pelvicaliceal system 
(arrows) representing reflux to the left kidney and trabeculations and 
multiple diverticula in the bladder (open arrow). (b) Coronal contrast- 
enhanced 3D T1-weighted gradient echo MRI demonstrates minimal 


dilatation of the right collecting system (arrow) and severe hydroureter- 
onephrosis on the left collecting system (open arrow). (c) On sagittal 
contrast-enhanced T1-weighted gradient echo MRI, bladder diverticula 
(arrow) and diffuse bladder wall thickening secondary to cystitis are 
visualized excellently 
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Pathology 


e When chronic pyelonephritis is primarily reflux related, 
the affected kidney is usually small. Reflux nephropathy 
usually results from vesicoureteral reflux (a congenital 
disorder) combined with intrarenal reflux, thus allowing 
infection access to the renal parenchyma. 

e The kidneys are small and contracted, with broad 
depressed sometimes saddle-shaped scars in the capsule 
(Fig. 2.10). There is loss of renal pyramids with dilated 
and thickened calyces, and the renal cortex overlying 
these areas is thinned. Renal parenchyma between scarred 
areas may be normal or hypertrophic. 

e When these findings are present in a hypertensive patient 
known to have had long-standing VUR, the renal lesion is 
sometimes described as ‘“Ask-Upmark kidney” 
(Fig. 2.11). 

e The predominant histologic finding is an interstitial lym- 
phoid infiltrate with extensive renal tubular atrophy. 
Residual tubules contain eosinophilic casts (thyroidiza- 
tion) (Fig. 2.12). Additional findings include glomerular 
and vascular sclerosis. 


Differential Diagnosis 


e On VCUG, scarring from reflux nephropathy should be 
differentiated from scarring due to other etiologies such 
as parenchymal infarction. 

e The deformed appearance of the calyx underlying the scar 
in reflux nephropathy may be a clue for the differential 
diagnosis. 


Pearls and Pitfalls 


e Fetal lobation and other normal variants of renal develop- 
ment may be mistaken for renal scarring on ultrasound. 

e With VCUG, misinterpretation may be possible, for 
example, the soft tissue of the bowel wall may infre- 
quently simulate contrast in a ureter, or overlying stool 
and intestinal gas may obscure the kidney, precluding the 
diagnosis of lesser degrees of VUR. 


HIV-Associated Nephropathy 

General Information 

e The kidneys are affected in HIV-infected patients by a 
wide spectrum of entities including HIV-associated neph- 


ropathy, atypical infections, malignancy, and drug-related 
renal disease. 
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Fig. 2.10 Reflux nephropathy. Some portions of renal cortex are 
relatively preserved; in the scarred areas, there is virtually no resid- 
ual cortex. This is an example of an Ask-Upmark kidney, part of a 
clinical scenario including chronic urinary tract infections associated 
with vesicoureteric reflux, hypertension, and a small kidney with 
saddle-shaped scars 


RT kidney sag 


Fig. 2.11 Ask-Upmark kidney. Gray-scale ultrasound demonstrates 
saddle shape of the kidney (arrow) secondary to scar formation from 
VUR 


e The nephropathy may be the first manifestation of HIV 
infection and often precedes opportunistic infections. 

e It is the leading cause of renal failure in HIV-positive 
patients. 
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Fig. 2.12 Reflux nephropathy. 
In this Ask-Upmark kidney, the 
renal tissue on the left is 
essentially normal, whereas on 
the right, in the area of scarring, 
glomeruli are absent, and the 
interstitium is fibrotic and 
infiltrated by lymphocytes. The 
tubules are atrophic and contain 
eosinophilic casts 
(thyroidization), and the blood 
vessels show intimal sclerosis 
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Imaging 


Ultrasound 


On ultrasound, cardinal imaging findings for HIV- 
associated nephropathy include normal-sized or enlarged 
kidneys, increased echogenicity of the cortex, renal pelvi- 
caliceal thickening, and loss of the fat appearance of the 
renal sinus. 

Renal biopsy provides the definitive diagnosis of the dis- 
ease; the aforementioned imaging findings are only 
suggestive. 

Decreased corticomedullary differentiation and paren- 
chymal heterogeneity are late findings of HIV-associated 
nephropathy. 


Computed Tomography 


CT findings include enlarged kidneys, a hyperattenuating 
medulla on the unenhanced scan, and a striated nephro- 
graphic appearance. 

Various opportunistic renal infectious agents such as 
Pneumocystis jirovecii, fungal organisms, and mycobac- 
teria may affect the kidneys of patients with AIDS, giving 
rise to a wide spectrum of imaging findings with low 
specificity, such as renal cortical calcification, focal areas 
of increased echogenicity in the cortex and medulla, and 
focal microabscesses and hydronephrosis. 

The presence of renal calcifications and nephrocalcinosis 
may suggest HIV-associated infection despite not being 
specific for any specific pathogen. 
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e Non-Hodgkin lymphoma and Kaposi sarcoma are the 
most commonly encountered malignancies in patients 
with HIV infection. 

e CTis the imaging modality of choice for the evaluation of 
all patients with lymphoma. Among the common patterns 
of renal involvement by the disease are multiple paren- 
chymal masses, solitary lesions, direct extension from 
retroperitoneal adenopathy, perinephric disease, and 
nephromegaly. 

e Likewise, renal involvement by Kaposi sarcoma associ- 
ated with AIDS usually gives rise to nonspecific clinical 
or radiologic manifestations. 

e Finally, certain antiretroviral agents such as indinavir and 
nelfinavir may cause the development of renal calculi. 

Magnetic Resonance Imaging 

e On MRI, loss of corticomedullary differentiation and 
renal enlargement may be seen. 


Differential Diagnosis 


e The combination of hyperechoic kidneys and a thickened 
pelvicaliceal system by ultrasound can imply a possible 
diagnosis of HIV-associated nephropathy. However, 
infection and acute tubular necrosis should be considered 
in the differential diagnosis. 

e The presence of calcification and nephrocalcinosis may 
suggest HIV-associated infection despite not being 
specific for any specific pathogen. 
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Pearls and Pitfalls 


e An unusual pattern of nephrocalcinosis defined as “partial 
nephrocalcinosis” which involves the renal cortex and 
medulla asymmetrically has been described in patients 
with AIDS-related M. avium-intracellulare infection. 


Renal and Perirenal Abscess 
General Information 


e Pyelonephritis leading to renal abscess is quite rare, 
with an incidence of 0.01 %. Although the vast majority 
of renal infections undergo resolution with effective 
antibiotic treatment, one of the complication of inade- 
quately or untreated acute pyelonephritis is renal 
abscess. 

e Renal abscess is more common in patients with condi- 
tions predisposing to infection, such as diabetes or other 
diseases associated with an immunocompromised status 
(Figs. 2.1, 2.13, and 2.14), as well as with urinary tract 
obstruction and/or renal stones. 

e Renal abscess and pyonephrosis may result from 
hematogenous seeding of infection in immunosup- 
pressed patients without any urinary obstruction. 
Furthermore, diabetes mellitus and immunosuppression 
may predispose patients to the development of an abscess 
(Fig. 2.15). 

e Abscess may also result from interventional procedures, 
such as diagnostic cyst aspiration (Fig. 2.16a, b), or alco- 
hol embolization of the kidney. 


Imaging 


Plain Film Radiography 

e Abdominal radiography typically demonstrates enlarge- 
ment of the affected kidney. 

Intravenous Pyelography 

e IVP may reveal nonfunctional or faint opacification of the 
involved kidney, with focal pelvicalyceal dilatation or 
focal excretory defects. 

Ultrasound 

e Ultrasound demonstrates a round, thickened, or smooth- 
walled complex mass. 

e At ultrasound, abscess is rarely anechoic (Figs. 2.la and 
2.13a), and it may have internal septation and loculations 
(Fig. 2.14a). These atypical findings are indistinguishable 
from those of infected or hemorrhagic cysts (Fig. 2.16a). 

Computed Tomography 

e CT is the best imaging method of determining extension 
of a renal abscess into adjacent structures. 
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e On precontrast CT scans, abscess may be a solitary mass 
or may appear as multiple, round, well-defined, and low- 
attenuation masses. 

e After the administration of intravenous contrast agent, an 
abscess becomes more conspicuous due to enhancement 
(Figs. 2.1c, 2.13b, c, and 2.16b). Renal abscess may have 
an enhancing rim but does not enhance centrally. 

e In some cases, Gerota’s fascia may be thickened, or peri- 
renal extension of the abscess may be seen. 

e Rupture of a renal abscess or an infected cyst through the 
renal capsule results in involvement of the perirenal space. 

e Perirenal abscess may result from direct extension of 
peritoneal and/or retroperitoneal infection. 

Magnetic Resonance Imaging 

e On MRI, abscess presents a low or inhomogeneous signal 
intensity on T1- and T2-weighted images depending on 
the amount of protein, fluid, and cellular debris. 


Pathology 


e Perinephric abscesses occur in the perinephric fat. 

e They most commonly result from extension or rupture of 
a renal abscess or pyonephrosis; however, they can also 
occur secondary to surgery or transplantation (Figs. 2.17 
and 2.18). 

e The offending organisms may be demonstrable in the 
fluid aspirated from abscess cavity (Fig. 2.19). 


Differential Diagnosis 


e Renal abscesses should mainly be differentiated from a 
cystic renal cell carcinoma. The lack of vascularity on 
Doppler imaging may be helpful for the relevant 
differentiation. 

e The differential diagnosis of perinephric abscesses 
includes perinephric fluid collections like urinoma, sub- 
capsular and perirenal hematoma, renal lymphangiomato- 
sis, pancreatic pararenal fluid collections, and transudate 
fluid associated with nephropathies. 

e For perinephric urinomas, the history of trauma or the 
finding of an obstructing stone usually suggests the cor- 
rect diagnosis. Extravasation of excreted contrast material 
can be depicted on delayed CT scans in patients with 
trauma to ureters. 


Pearls and Pitfalls 


e Several conditions may cause diagnostic pitfalls because 
each of them may be misinterpreted as perinephric fluid 
collection. These conditions are: 
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Fig. 2.13 Renal abscess and pyohydronephrosis in 18-year-old immu- 
nocompromised male with low-grade fever. (a) Ultrasound reveals an 
anechoic fluid collection with thin walls (arrow) and echogenic mate- 
rial within the collecting system. Early and late phase contrast-enhanced 
CT scans (b, c) demonstrate a nonenhancing renal mass with regular 


— The hypoechoic rim at the periphery of infantile poly- 
cystic kidneys 

— The peripheral hypoechoic rim surrounding a kidney 

— Acute cortical necrosis 

— Perirenal non-Hodgkin’s lymphoma 

— Retroperitoneal fibrosis 

— Prominency of perirenal fat or thickened renal fascia 
causing a perirenal halo 

— Breathing artifact on CT 


contour (arrow), corresponding to fluid collection defined in (a) and left 
hydronephrosis. Note contrast layering over the dense contrast material 
(arrow). All ultrasound and CT changes resolved after appropriate anti- 
biotic therapy 


Pyonephrosis 
General Information 


e Chronic suppurative infection in an obstructed kidney is 
called “pyonephrosis.” 

e In pediatric patients, ureteropelvic junction obstruction, 
ureterocele, and ureteral ectopia are common causes of 
obstruction (Fig. ). 
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Fig. 2.14 Renal abscess in 5-year-old immunocompromised boy. 
(a) Ultrasound demonstrates a complex cystic mass with compression 
of the renal parenchyma (arrow). (b) Coronal contrast-enhanced 3D 
T1-weighted gradient echo image during early phase reveals the lack of 
enhancement confirming the cystic nature of the lesion (arrow). 


e In adults, pyonephrosis is usually due to undiagnosed 
obstructive nephropathy, such as calculi, tumor, com- 
plicated pyelonephritis, strictures, or a congenital 
anomaly. 


Imaging 


Intravenous Pyelography 

e IVP fails to demonstrate the collecting system in pyo- 
nephrosis, and it is seldom used for this purpose, except 
for surgical planning or postoperative assessment. 

Ultrasound 

e Ultrasound is useful in early and accurate diagnosis of 
pyonephrosis. 


(c) Axial T2-weighted MRI reveals a hyperintense mass compressing 
the parenchyma (dashed arrow). Renal outlines have become obscured 
secondary to the perirenal inflammatory process. Note the hypointense 
rim around the abscess cavity (arrow). The pathological diagnosis was 
renal abscess 


e The classic ultrasound finding in pyonephrosis is the pres- 
ence of echogenic material in a dilated collecting system 
(Figs. and ). There may be fine echoes, fluid— 
fluid levels, and debris levels within the collecting 
system. 

e Echogenic debris is the most reliable sign of pyonephrosis. 

Computed Tomography 

e CT may be useful in evaluating adult pyonephrosis and in 
detecting the cause of obstruction, which may not be evi- 
dent on ultrasound. 

e CT scan can be performed without the use of intravenous 
contrast material, with an accuracy of 97 % in the detec- 
tion of calculi in the urinary tract. 

e Contrast-enhanced CT may be useful in demonstrat- 
ing parenchymal and functional changes. It clearly 
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Fig. 2.15 Perirenal abscess in 40-year-old diabetic woman with 
Escherichia coli in blood and urine cultures. Contrast-enhanced CT 
scan demonstrates a large perirenal abscess which displaces the left kid- 
ney (arrow) 
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Fig. 2.16 Infected renal cyst in a 65-year-old man with left flank pain 
following several months of percutaneous cyst drainage. (a) Ultrasound 
reveals a large multilocated cystic lesion with thick wall and internal 
septations (arrow). (b) Contrast-enhanced CT scan shows that the 
attenuation of cystic lesion is slightly higher than water and that the 
lesion had an enhancing wall (arrow). Infected cyst was confirmed by 
nephrectomy 
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Fig. 2.17 Perirenal abscess, bacterial. Perirenal abscesses are com- 
posed of necrotic renal or perirenal tissue and loculated inflammatory 
exudate 


Fig. 2.18 Perirenal abscess, fungal. This perirenal fungal abscess 
developed in a 64-year-old man who was immunosuppressed following 
liver transplant. Despite efforts at conservative management, nephrec- 
tomy was required. The abscess involves both renal parenchyma and 
perirenal fat (arrowheads) (Image courtesy of Stacy Kim, M.D.) 


demonstrates thickening of the collecting system wall 
(>2 mm), parenchymal or perinephric inflammatory 
changes, and dilatation or obstruction of the collect- 
ing system. 

Magnetic Resonance Imaging 

e MRU may show the presence of a fluid/fluid level within 
the dilated collecting system and is useful in establishing 
the severity of dilatation, the site, and the most likely 
cause of obstruction in pyonephrosis. 
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Fig. 2.19 Perirenal abscess, 
fungal. Fungal organisms 
consistent with Aspergillus sp. 
were identified within the 
abscess cavity shown in Fig. 2.18 


Pathology 


e Inpyonephrosis, the kidney is largely replaced by a purulent 
collection of necrotic renal tissue and inflammatory exudate 
composed of acute and chronic inflammatory cells and edema 
fluid, forming, in effect, a contained abscess (Fig. 2.21). 


Differential Diagnosis 


e The main differential diagnosis of pyonephrosis includes 
hydronephrosis. 

e Ultrasound findings such as dilatation of the pelvicaliceal 
system, echogenic collecting system debris, and fluid—fluid 
levels within the collecting system may be helpful in dis- 
tinguishing pyonephrosis from simple hydronephrosis. 

e CT findings including renal pelvic wall thickness exceed- 
ing 2 mm, dilatation of the pelvicaliceal system, paren- 
chymal or perinephric inflammatory changes, and layering 
of contrast material with the purulent fluid on excretory 
studies may also provide a correct diagnosis. 

e MRI findings suggestive for pyonephrosis are similar to 
those seen at CT. 


Pearls and Pitfalls 


e Rarely, a primary tumor of the upper collecting system, 
such as transitional cell carcinoma of the renal pelvis, 
may exhibit low-level echoes on ultrasound and may 
mimic pyonephrosis. 
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e Other clinical material, such as urine cytologic findings, 
may suggest the diagnosis of transitional cell carcinoma. 

e Settlement or movement of debris within the lesion 
with changes in patient position, although observed 
infrequently, may enable the diagnosis of 
pyonephrosis. 

e MRI may be helpful for the diagnosis in equivocal cases. 


Emphysematous Pyelonephritis 
General Information 


e Emphysematous pyelonephritis (EPN) is a life-threaten- 
ing necrotizing infection of the kidneys characterized by 
gas formation within the renal parenchyma or the peri- 
nephric space. 

e Upto 97 % of patients with EPN are diabetics; in contrast, 
EPN is quite rare in nondiabetics. 

e The commonest infecting organisms include Escherichia 
coli, Klebsiella pneumoniae, and Proteus mirabilis. 
Women are affected twice as often as men. 


Imaging 


Plain Film Radiography 

e Conventional radiography may demonstrate gas bubbles 
or abnormal gas collection within the renal fossa 
(Fig. 2.22a, b). 
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Fig. 2.20 Pyonephrosis in 8-month-old boy with suspected upper UTI. 
On ultrasound, the dilated pelvicalyceal system is filled with echogenic 
material attributable to debris and organized pus in the renal pelvis and 
ureter due to ureterovesical junction obstruction (p renal pelvis, 
u ureter) 


Intravenous Pyelography 
° IVP may demonstrate a persistent nephrogram on the affected 
side secondary to delayed excretion of contrast agent. 
Ultrasound 
e Ultrasound demonstrates an enlarged kidney with high- 
amplitude echoes within the renal parenchyma and often 
with low-level posterior dirty acoustic shadowing, known 
as reverberation artifacts (Fig. 2.23a-—c). 
e Gas in the collecting system can be seen after certain 
interventional procedures, and it should not be confused 
with EPN. 
Computed Tomography 
e ACT classification scheme divides EPN into two types: 
— Type I is characterized by renal parenchymal destruc- 
tion that manifests with either streaky or mottled areas 
of gas (Fig. 2.24). This is seen in 33 % of patients, and 
the associated mortality is approximately 68 %. Intra- 
or extrarenal fluid collections are notably absent. 

— Type II is characterized by bubbly or loculated gas 
within fluid collections in the renal parenchyma, col- 
lecting system, or perirenal space (Figs. 2.22b and 
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Fig. 2.21 Pyonephrosis. The term “pyonephrosis” implies obstructed 
renal drainage, resulting in a contained abscess with varying degrees of 
renal parenchymal destruction. The collecting system contains abun- 
dant purulent material, and only a thin rim of residual renal tissue 
remains. This condition resulted from an obstruction at mid-ureter 
level; the etiology of the ureteral obstruction was indeterminate (From 
MacLennan GT, Cheng L. Atlas of Genitourinary Pathology. New 
York: Springer; 2011. Reprinted with permission) 


2.23c). This type is seen in 66 % of patients, and the 
mortality rate is approximately 18 %. 


Pathology 


e Emphysematous pyelonephritis is a rare life-threatening 
complication of acute pyelonephritis, usually of bacterial 
origin. It is associated clinically with diabetes mellitus 
and urinary tract obstruction. 

e Abscesses are accompanied by renal papillary necrosis 
and cortical infarcts. Renal papillary necrosis refers to 
necrosis of portions of the medulla. There is a cystic 
appearance to the kidney secondary to gas formation 
(Fig. 2.25). 

e Micro: Empty spaces lacking epithelial cell linings and 
distorting the parenchyma with areas of vascular throm- 
bosis, ischemic necrosis, suppurative inflammation, and 
abscess formation. 


Differential Diagnosis 


e Retroperitoneal perforation of abdominal viscera 

e Psoas abscess due to gas-forming organisms 

e Reflux of air from the bladder 

e Bronchorenal, enterorenal, or cutaneorenal fistulae 
e Air in a focal renal abscess 
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Fig. 2.22 Bilateral type 2 EPN with extensive parenchymal destruc- 
tion in a 60-year-old diabetic woman. (a) IVP demonstrates lucent air 
which outlines the right pelvicalyceal system and the right ureter 
(arrows). (b) Contrast-enhanced CT scan reveals abscess with gas bub- 
bles and fluid contents in the right collecting system and in bilateral 
renal parenchyma (arrows) 


e A history of urologic intervention, such as nephrostomy 
insertion, or retrograde pyelogram 
Pearls and Pitfalls 


e On ultrasound, gas within the kidney or renal pelvis may 
mimic renal calculi. 


K. Odev et al. 


e The distal shadowing with reverberations and “dirty shad- 
owing” of low-level echoes may be helpful for the differ- 
entiation of EPN from renal calculus. 


Xanthogranulomatous Pyelonephritis 
General Information 


e Xanthogranulomatous pyelonephritis (XGP) is a rare 
form of chronic pyelonephritis, occurring most commonly 
in women, with a peak incidence in the fifth and sixth 
decades. 

e Clinical symptoms are often vague, and laboratory 
findings are nonspecific. 

e The classic urographic triad in XGP consists of: 

— Unilaterally decreased/absent renal excretion 
— Staghorn calculus (70 %) 
— Poorly defined mass or diffuse renal enlargement 


Imaging 


Intravenous Pyelography 

e May demonstrate an enlarged nonfunctional kidney with 
staghorn calculi. 

Ultrasound 

e On ultrasound, the kidney is usually enlarged, with mul- 
tiple hypoechoic or anechoic areas corresponding to 
dilated calyces and areas of parenchymal destruction. 

e Central echogenic foci representing staghorn calculus 
may be seen. In focal XGP, ultrasound findings are 
nonspecific, and it is not possible to differentiate this from 
a renal abscess or necrotic and/or cystic renal cell 
neoplasm. 

Computed Tomography 

e CT is more informative than ultrasound in the evaluation 
of XGP. 

e CT findings of diffuse XGP are listed in Table 2.5. 

e Indiffuse XGP, the inflammatory process may involve the 
perinephric space, the adrenal gland, the ipsilateral psoas 
muscle, and/or the subdiaphragmatic area (Fig. 2.26a—d). 

e In focal XGP, a focal mass of low attenuation with rim 
enhancement is seen on CT, often associated with calcu- 
lus (Fig. 2.27). 

Magnetic Resonance Imaging 

e MRI is valuable for diagnosing XGP and is extremely 
sensitive for identifying the lipid-laden xanthogranuloma- 
tous tissues (Fig. 2.26b—d). 

e MRIis less accurate in diagnosing focal XGP with a lim- 
ited component of lipid-laden macrophages. 

e Pseudocystic masses with thick septa of XGP have low 
signal intensity in Tl-weighted images and high signal 
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Fig. 2.23 Type 1 EPN in a 50-year-old diabetic woman. Ultrasound (a, 
b) reveals echogenic foci with “dirty” shadowing in the left kidney 
(arrow in a). Acoustic shadowing represents stone in the left pelvis 
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Fig. 2.24 EP in a 45-year-old diabetic woman. Unenhanced CT scan 
demonstrates air bubbles within the renal collecting system and ureter 
and moderate hydroureteronephrosis bilaterally (arrows) 
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renalis (arrow in b). (c) Unenhanced CT scan demonstrates multiple 
parenchymal gas collections in the left kidney (arrow) 


intensity on T2-weighted images, compared with the renal 
parenchyma. 

e Diffuse XGP may show a wide range of signal intensities 
on MRI, due to the heterogeneous composition of the 
chronic suppurative renal inflammation. 


Pathology 


e The process may be diffuse, segmental, or focal. In the 
diffuse form of this entity, the kidney is completely 
obstructed, most commonly by a staghorn calculus. 

e Grossly, the collecting system is thickened, with yellow- 
white nodules present in the renal pyramids (Fig. ). 
The process begins with suppurative inflammation in the 
pelvis and adjacent sinus fat, with the cortex, perinephric 
fat, and retroperitoneal tissue potentially becoming 
involved. 
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Fig. 2.25 Emphysematous pyelonephritis. This term denotes gas bub- 
ble formation in the renal parenchyma or perirenal tissues; it is often 
accompanied by abscess and cortical infarcts. This kidney is from a 
teenaged diabetic female who died of urosepsis. Tiny gas bubbles are 
visible within the purulent infiltrates in the renal cortex (From 
MacLennan GT, Resnick MI, Bostwick DG. Pathology for urologists. 
Philadelphia: Saunders; 2003, with permission) 


Table 2.5 Computed tomography findings of diffuse xanthogranu- 
lomatous pyelonephritis 

Enlarged nonfunctioning kidney 

Staghorn or solitary calculus filling the pelvis renalis 

Caliceal and/or pelvic dilatation 

Multiple nonenhancing cystic masses filled with pus and debris 

Rim enhancement with contrast medium administration 

Calcifications within the masses 


Low-attenuation areas of lipid-rich xanthogranulomatous tissue 
within the masses 


Absence of renal stone 
Small, contracted kidney 
Abundant perirenal fat tissue 


e Histologically, there is a zonal pattern within the xan- 
thogranulomatous nodules and thickened areas. The cen- 
tral zone is composed of necrosis and neutrophils. This 
area is admixed with/surrounded by foamy histiocytes 
(Fig. 2.29). The outermost zone is composed of 
fibroblasts. 


Differential Diagnosis 


The differential diagnosis may include infiltrative renal 

masses, such as: 

e Transitional cell carcinoma 

e Renal cell carcinoma 

e Lymphoma 

e Nonneoplastic pseudotumoral conditions such as renal or 
perirenal abscess 

e Pyonephrosis 
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e Renal tuberculosis (TB) 
e Focal or diffuse nephritis 
e Fungal infection 
The definitive diagnosis must be confirmed by surgery. 


Pearls and Pitfalls 


e Gas is rarely seen and may be misinterpreted as pyoneph- 
rosis or EPN. 


Renal Hydatid Cyst Disease 
General Information 


e Hydatid disease, mainly caused by Echinococcus granu- 
losus, frequently involves the liver (60 %) and lungs 
(25 %); renal involvement occurs only in 3 % of cases. 

e The kidney is involved primarily by hydatid disease via 
the systemic circulation, but secondary involvement by 
spread from a hydatid cyst in an adjacent organ is 
possible. 


Imaging 


Imaging findings of renal hydatid cyst are summarized in 

Table 2.6. 

Plain Film Radiography 

e Radiography may show a soft tissue mass in the kidney 
area with amorphous and/or curvilinear wall calcification, 
although similar calcifications may be seen in other renal 
lesions, including simple cyst, hematoma, XGP, and renal 
cell carcinoma. 

Intravenous Pyelography 

e IVP may show a rounded soft tissue shadow with curvi- 
linear calcifications, signs of compression of the pelvica- 
lyceal system, and ureter or nonfunctioning kidney. 

e If the cyst ruptures into the renal collecting system, IVP 
may show filling defects, due to daughter cyts in the pel- 
vicalyceal system, or it may disclose the presence of an 
irregular mass with or without urinary obstruction and a 
nonfunctioning kidney. 

Ultrasound 

e Various ultrasound appearances of hydatid cysts have 
been described by Gharbi. 

e In the Gharbi classification, a Type I echinococcal cyst 
appears as a well-defined anechoic lesion on ultrasound 
and is indistinguishable from a simple cystic lesion 
(Fig. 2.30a). Multiple echogenic foci due to “hydatid 
sand” may be seen in the cyst by repositioning of the 
patient. 
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Fig. 2.26 Diffuse XGP in a 40-year-old diabetic woman. (a) Contrast- 
enhanced CT scan demonstrates diffuse enlargement of the nonfunc- 
tioning left kidney with calculus (dashed arrow) and subcapsular fluid 
collection (arrow) and diffuse inflammatory process extending from the 
left kidney into the left perirenal and left posterior pararenal space 
(open arrow). Coronal contrast-enhanced 3D T1-weighted gradient 
echo sequence image (b) and coronal true fast imaging with steady- 


e The findings in cases of Type II echinococcal cyst are 
generally specific and characteristic for echinococcal dis- 
ease. In these lesions, floating and detached membranes 
or daughter cysts that are pathognomonic for hydatid dis- 
ease may be seen in the cyst (Fig. ). 

e Complete detachment of the membranes inside the cyst 
has been referred to as sonographic water-lily sign because 
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state precession (FISP) sequence (c) reveal the nonfunctioning left kid- 
ney and the fluid-filled areas in the left perirenal and subdiaphragmatic 
regions (arrows). (d) Macroscopic specimen revealed a stone in the left 
renal pelvis. The renal pelvis and calyces are surrounded by inflamed 
tissue and infected fluid collections corresponding to xanthogranuloma- 
tous inflammation 


of its similarity to the radiographic water-lily sign in pul- 
monary cysts. 

e Both Type II and Type III lesions (multivesicular) are 
almost pathognomonic for hydatid disease (Fig. ). 

e Type IV and Type V lesions demonstrate heterogenous 
solid appearances with a combination of liquid and solid 
cystic contents. 
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Fig. 2.27 Contrast-enhanced CT scan of a 51-year-old female patient 
showing a focal mass of low attenuation with rim enhancement in the 
left kidney (arrow) which was histopathologically proven to be a focal 
XGP. Note that the lesion is not associated with any calculus (Courtesy 
of Ugur Toprak, MD, Ankara, Turkey) 
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Fig. 2.28 Xanthogranulomatous pyelonephritis. This is typically a 
renal calculus-associated inflammatory process that may be difficult to 
distinguish radiologically from a renal neoplasm. The cut surface exhib- 
its multiple gray-white to yellow nodules. The papillae are blunted, and 
a staghorn calculus (black arrow) is present. The inflammatory process 
often extends into the perirenal and sinus fat (yellow arrow) (Image 
courtesy of Douglas Hartman, M.D.) 


e Type V lesions demonstrate calcifications in the cyst wall 
and germinative membranes. 

Computed Tomography 

e On CT, the contents of a closed simple (intact) unilocular 
cyst are homogenous, with a density close to that of water 
(10 HU) (Fig. 2.30b). 
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e Calcification of the cyst wall or internal septa is easily 
demonstrated on CT (Fig. 2.31b). 

e CT may reveal detachment of the germinative membranes 
from the ectocyst, which gives the pathognomonic appear- 
ance of a ruptured cyst. 

e On CT, the presence of daughter cysts is pathognomonic 
of renal cystic hydatid cyst (Figs. 2.31b and 2.32a). 

Magnetic Resonance Imaging 

e MRI diagnosis of intact unilocular renal hydatid cysts is 
based on demonstration of a relatively thick cyst wall 
(Fig. 2.30c). 

e Although cyst wall calcification is more clearly demon- 
strated on CT, MRI is superior in demonstrating hydatid 
cyst morphology and the exact extent of the disease 
(Figs. 2.30c, 2.32b, c, 2.33, and 2.34a-—c). 

e On Tl-weighted images, the parasitic cyst wall is isoin- 
tense relative to the fluid in the cyst and appears on 
T2-weighted images as a low-signal-intensity rim sur- 
rounding the homogeneous high signal intensity cyst con- 
tents (Figs. 2.30c and 2.32b). 

e On MRI, intact renal unilocular hydatid cyst may show 
homogeneous hypointense signal on T1-weighted images 
and homogeneous hyperintense signal on T2-weighted 
images. 

e Perforated hydatid cysts exhibit detached germinative 
membranes. 

e The membranes are seen as floating structures within the 
cyst and appear dark on both T1- and T2-weighted images 
(Figs. 2.33 and 2.34a-c). 


Pathology 


e Gross: Large multiloculated cyst containing numerous 
hydatid cysts (daughter cysts). 

e Micro: The cysts are enveloped by a fibrous pseudocap- 
sule and may be empty or contain scolices with evident 
hooklets. The daughter cysts have an outer layer of lami- 
nated chitin. 


Differential Diagnosis 


e Sonographically, a Type I hydatid cyst may be indistin- 
guishable from a simple renal cyst, but a double contour 
thick wall, involvement of other organs, or a history of 
living in endemic regions strongly favors the diagnosis of 
hydatid cyst. 

e On CT, enhancement of the wall of the cyst with contrast 
helps in differentiating hydatid cyst from simple renal 
cyst or abscess. 
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Fig.2.29 Xanthogranulomatous 
pyelonephritis. There is a 
polymorphous assortment of 
inflammatory cells, including 
neutrophils centrally, with a 
broad zone of large pale 
lipid-laden macrophages, plasma 
cells, eosinophils, and 
lymphocytes and sometimes 
multinucleated giant cells, as in 
this case. There is usually a 
fibrous reparative reaction at the 
periphery of the inflammatory 
nodules 


Table 2.6 Sonographic appearance of hydatid cysts in Gharbi 
classification 


Type I — Well-defined, purely anechoic lesions that may be 
indistinguishable from simple renal cysts. Multiple echogenic foci 
due to hydatid sands may be seen in the cyst 

Type II — A focal or diffuse detachment of the inner germinal layer 
results in a floating membrane inside the cyst 

Type IH — Multiseptated cysts with multiple daughter cysts 


Type IV — Heterogeneous solid appearance with infolded mem- 
branes and internal echoes 

Type V — Solid appearance calcifications in the cyst wall and 
germinative membranes 


e The “rim sign” on MRI corresponding to low-signal- 
intensity cyst wall is also helpful for differentiating uni- 
locular hydatid cysts from simple renal cysts, although 
this sign has also been described in hepatocarcinoma, 
amoebic liver abscess, adenoma, and hematoma. 

e The diffuse and bilateral nature of polycystic kidney dis- 
ease is helpful in distinguishing this entity from Type III 
hydatid cysts. 

e On CT, the presence of daughter cysts is a helpful in dis- 
tinguishing Type 3 hydatid cysts from simple renal cysts, 
renal abscess, and cystic renal cell carcinoma. 

e The heterogenous appearance of Type IV lesions may be 
difficult to distinguish from infected renal cysts, abscesses, 
pyonephrosis, hydronephrosis, and neoplasms. 

e CT may be useful in the diagnosis of Type IV hydatid 
cysts with a “pseudotumor” appearance. 
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Pearls and Pitfalls 


e The Gharbi classification is used in classifying hydatid 
cyst disease. 

e Postoperative imaging findings should not be misinter- 
preted as a recurrence. 


Renal Malakoplakia 
General Information 


e Malakoplakia is a rare granulomatous inflammatory dis- 
ease associated with chronic coliform infections caused 
by abnormal macrophage function. 

e Fewer than 200 cases of renal malakoplakia have been 
reported in the literature so far. 

e Clinically, it is most often accompanied by fever, flank 
pain, or a palpable flank mass. 


Imaging 


e The imaging findings of malakoplakia are nonspecific and 
can often mimic other lesions, such as renal neoplasms; 
therefore, the diagnosis is typically made only after surgi- 
cal intervention. 

Plain Film Radiography 

e Usually reveals the presence of an enlarged kidney. 
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Fig. 2.30 Thirty-year-old woman with renal hydatid cyst. (a) 
Ultrasound demonstrates a large, unilocular cyst with a well-defined 
contour and thick wall (arrow) with inflammatory reaction adjacent to 
the cyst. (b) A sagittal oblique maximum intensity projection CT recon- 


Intravenous Pyelography 

¢ On IVP, one or both kidneys are large, with smooth con- 
tours and with diminished or absent function. 

e Filling defects in the collecting system with calyceal 
distortion due to foci of malakoplakia have been 
described. 

Ultrasound 

e Ultrasound demonstrates distortion and compression of 
the central echo complex by well-defined masses with 
variable echogenicity. 

e Ultrasound findings may be observed unilaterally or 
bilaterally. 

Computed Tomography 

e CT may show nonspecific masses or an enlarged kidney 
with poor contrast uptake. 


struction image of the left kidney shows an intense enhancement of the 
cyst wall (arrow). (c) T2-weighted MRI reveals a large unilocular cyst 
containing high-intensity fluid and having a low-intensity rim “peri- 
cyst” (arrow) 


e Nonenhancing areas in the kidney may be seen in con- 
trast-enhanced CT. 

Magnetic Resonance Imaging 

e Irregularly contoured kidneys with multiple 1- to 2-cm 
poorly defined nodules. 

e Nodules have low signal intensity on T1- and T2-weighted 
MRI sequences. 


Differential Diagnosis 


e XGP (unilaterality and the presence of upper tract calculi 
are more in keeping with XGP than with malakoplakia) 

e Localized abscesses 

e Lymphoma 

e Multifocal primary or metastatic tumors 


2 Inflammatory Conditions of the Kidney 89 


Fig. 2.32 Forty-year-old man with renal hydatid cyst. (a) Contrast- 
enhanced CT scan demonstrates a lobulated cystic mass with enhance- 
ment located on the right kidney (arrow). The cyst wall is not apparent. 
(b) On coronal T2-weighted MRI, a low-signal-intensity peripheral rim 

of capsule (arrow) and daughter cysts are well demonstrated. In this 
Fig. 2.31 Thirty-five-year-old woman with renal hydatid cyst. (a) image, hydatid cyst is demonstrated much better than on CT. (c) 


Ultrasound demonstrates a multilocular cyst in the right kidney (arrow). | Macroscopic specimen revealed the hydatid cyst containing numerous 
(b) Contrast-enhanced CT scan reveals multilocular appearance due to daughter cysts 
numerous daughter cysts. Note curvilinear calcification of the cyst wall 


(arrow) 
Pathology 
e In this entity, the renal parenchyma and pelvis are coated 
e Malakoplakia is a chronic granulomatous disease usually with multiple yellow-brown soft plaques. 
resulting from recurrent urinary tract infections in mid- * The plaques are composed of large eosinophilic his- 
dle-aged women. It is an uncommon disorder that most tiocytes (von Hansemann histiocytes), many of which 
often involves the urinary bladder but very rarely occurs contain basophilic cytoplasmic inclusions (Michaelis— 


in the upper tracts. Gutmann bodies) (Fig. 2.35). The inclusions represent 
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Fig. 2.33 Thirteen-year-old girl with ruptured right renal hydatid cyst. 
On T2-weighted MRI, detached germinative membranes in hydatid 
fluid (arrow) are seen 


incompletely digested bacilli and can be highlighted with 
the PAS stain and special stains for calcium (von Kossa) 
and iron. 


Pearls and Pitfalls 


e The radiological appearance of renal malakoplakia, 
depending on the pattern of involvement, is usually 
nonspecific. 

e The malakoplakia nodules have low signal intensity on 
T1- and T2-weighted MRI sequences. 

e The plaques are composed of large eosinophilic his- 
tiocytes (von Hansemann histiocytes), many of which 
contain basophilic cytoplasmic inclusions (Michaelis— 
Gutmann bodies). 


Renal Tuberculosis 
General Information 


e Genitourinary involvement by tuberculosis (TB) develops 
in approximately 8 % of patients with pulmonary disease. 

e Less than 50 % of patients with renal TB have a known 
history of TB. 

e Abnormal radiographic findings typical of pulmonary 
TB are present in only 50 % of patients with renal TB, 
and only one-half of these patients show signs of active 
TB. 
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Fig. 2.34 Thirty-year-old woman with a ruptured renal hydatid cyst. 
(a) T1-weighted MRI reveals a low-signal-intensity mass in the left kid- 
ney (arrow). Cyst wall is isointense relative to cyst contents. On 
T2-weighted MRI (b, c), the detached germinative membranes (arrow 
in b) are shown much better than on T1-weighted MRI. Daughter cysts 
(arrow in ¢) are identified within the mother cyst. Note both detached 
membranes and pericyst are of low intensity 
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Table 2.7 Imaging findings of renal tuberculosis 


Intravenous pyelography 

Calcified parenchymal masses 

Irregularity of the caliceal contour 

Stricture formations in infundibula and renal pelvis 
Ultrasound 

Mass lesions with variable echogenicity 

Necrotic areas of caseation 

Calcifications 
Computed tomography 


Punctate, curvilinear, lobar, or diffuse calcifications in renal 
parenchyma and pelvis renalis 


Caliectasis 

Strictures of infundibulum and renal pelvis 
Hydronephrosis 

Parenchymal scarring 


Imaging 


Imaging findings of renal TBC are summarized in 

Table 2.7. 

Intravenous Pyelography 

e IVP may show calcified parenchymal masses and irregu- 
larity of the caliceal contour due to necrotizing 
papillitis. 


91 


rile 23” = Oo 
ese Ns 


< 
N 


<4 ~- 


e Development of infundibular, pelvic, or ureteral strictures 
is acommon finding and is nearly pathognomonic of TB. 

Ultrasound 

e Tuberculous granulomas in the renal parenchyma may 
appear as masses of variable echogenicity, with or with- 
out areas of caseous necrosis and calcifications. 

Computed Tomography 

e CT is more sensitive than other methods in detecting renal 
calcifications, which are present in 50 % of the patients. 

e Renal calcifications show various patterns: punctate, cur- 
vilinear foci, lobar disruption, and calcifications of the 
entire renal parenchyma and renal pelvis. 

e The most common findings on CT are caliectasis, strictures 
of the infundibulum, renal pelvis and ureter, generalized 
hydronephrosis, and parenchymal scarring (Fig. 2.36a, b). 

e The end result may be a “putty kidney,’ composed of 
residual calcified nonfunctional renal tissue. 


Pathology 


e In tuberculosis, the kidneys become infected by the 
hematogenous spread of mycobacteria, most often M. 
tuberculosis, resulting in the formation of multiple caseat- 
ing granulomas (Fig. 2.37). 

e Most patients are middle aged with no clinically apparent 
pulmonary disease. 
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Fig. 2.36 Renal tuberculosis. Contrast-enhanced axial CT scans (a, b) 
in nephrographic phase in a 61-year-old man with left renal tuberculo- 
sis. (a) Enlarged left kidney has asymmetrically delayed parenchymal 
enhancement with amorphous parenchymal calcifications (arrow). 


Fig. 2.37 Renal tuberculosis (M. chelonae). This explanted transplant 
kidney had become infected with M. chelonae, a rapidly growing myco- 
bacterium most often found in skin, soft tissue, or postoperative wound 
infections. The pale gray-tan structure is a tuberculous perirenal abscess, 
which necessitated nephrectomy 


e Caseating granulomas are composed of central necrosis 
and epitheloid histiocytes, surrounded by lymphocytes, 
giant cells, and fibroblasts (Fig. 2.38). The mycobacte- 
ria can be highlighted by special stains for acid-fast 
bacilli. 


(b) Hydronephrosis and thickening of renal pelvic wall (dashed arrow) 
are evident in the left kidney (Courtesy of Nevzat Karabulut, MD, 
Denizli, Turkey) 


Differential Diagnosis 


e Chronic pyelonephritis. 

e Papillary necrosis. 

e XGP. 

e Medullary sponge kidney. 

e Renal cell carcinoma. 

e Transitional cell carcinoma. 

e Multiplicity of abnormal findings favors for the diagnosis 
of renal TB. 

e The disease should be considered in the differential diag- 
nosis, when findings consistent with chronic renal 
inflammatory disease are detected in the presence of peri- 
ureteric or peripelvic fibrosis. 


Pearls and Pitfalls 


e Normal urographic findings are detected in approximately 
up to 15 % of patients presenting with active renal TB. 

e Development of infundibular, pelvic, or ureteral strictures is a 
common finding and is nearly pathognomonic of renal TB. 


Acknowledgements The authors thank Alaaddin Nayman, MD, for 
his help in the preparation of the illustrations and to Mehmet Kılınç, 
MD, Recai Giirbiiz, MD, and Giray Karalezli, MD, for their help in 
clinical materials. 

The authors also thank to Alparslan Unsal, MD, Ugur Toprak, MD, 
and Nevzat Karabulut, MD, for providing Figs. 2.2, 2.27, and 2.36, 
respectively. 


2 Inflammatory Conditions of the Kidney 


Fig. 2.38 Renal tuberculosis 
(M. tuberculosis). This patient 
had a previous well-established 
history of pulmonary 
tuberculosis. Patient developed a 
renal mass which proved to be a 
tuberculous granuloma, with 
central caseating necrosis and 
peripheral scarring. Central 
necrosis is at right, and 
granulomatous inflammation and 
fibrosis are evident at left. A 
multinucleated giant cell is noted 
(arrow) 
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Cystic Diseases of the Kidney 


Adnan Kabaalioglu and Gregory T. MacLennan 


Introduction 


For renal cysts and cystic diseases, there is no simple and 
standard classification that has been widely accepted. Several 
classifications, mainly based on pathology, have been pro- 
posed; however, consensus over a uniform classification has 
not been achieved. Considering recent genetic discoveries 
about the details of chromosomal sites for hereditary cystic 
diseases, it is appropriate to classify renal cystic diseases as 
genetic and nongenetic (Table 3.1). 

Nongenetic cysts include isolated or sporadic cysts that 
are mainly unilateral. On the other hand, genetic cystic 
diseases usually have extrarenal and multiorgan involve- 
ment and are bilateral as a rule. Besides revolutionary 
genetic progresses, high-resolution sonographic imaging 
has made a great impact in early detection of tiny renal 
cysts, thus facilitating early diagnosis. The increasing use 
of antenatal and perinatal sonography has also contributed 
to early incidental detection of renal cysts and cystic 
diseases. 

Cysts are probably the most frequent abnormal findings to 
be described in kidney imaging reports. If they are few and 
small in an elderly patient, they may be ignored as a natural 
aging process because incidence of simple cysts increase 
with age, reaching above 50 % after the fifth decade. However, 
if multiple cysts are seen in a child or in a young to middle- 
aged person, they should be interpreted with caution. If addi- 
tional findings such as small or large kidneys and parenchymal 
changes are present, and cysts are bilateral, then certain 
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genetic cystic diseases should be suspected. Other organ 
involvements and family history may help confirm the diag- 
nosis of a certain disease based on imaging findings. 
Nevertheless, some cases still need pathological confirmation, 
genetic testing, or follow-up for a final diagnosis. 

Complex renal cysts constitute a small part of all cysts and 
cystic neoplasms. Multicystic dysplastic kidney, a congenital 
but nongenetic disease of kidneys, has an incidence of 1 per 
1,000—4,000 live births. It is the second most common cause 
of an abdominal mass in a newborn. A more common cystic 
disease, medullary sponge kidney, which has an incidence of 
0.5 %, is often asymptomatic. 

The prototype and the most common genetic cystic 
kidney disease is autosomal dominant polycystic kidney 
disease (ADPKD) with a prevalence of 1/500. The reces- 
sive form (ARPKD) occurs approximately 1 in 20,000 
births. Among the rest of the genetic cystic kidney diseases, 
juvenile nephronophthisis is the most common and affects 
1 per 5,000 persons. Medullary cystic and glomerulocystic 
kidney diseases are much rarer. Tuberous sclerosis and von 
Hippel-Lindau disease are other rare but well-known 
diseases (less than 1 in 10,000 persons) that may be associ- 
ated with renal cysts. 


Table 3.1 Classification of renal cysts and cystic diseases 


A. Nongenetic renal cysts 
1. Simple cyst 
2. Complex cyst 
3. Multicystic dysplastic kidney 
4. Cystic neoplasia 
5. Medullary sponge kidney (MSK) 
B. Genetic cystic renal diseases 
1. Autosomal dominant polycystic kidney disease (ADPKD) 
2. Autosomal recessive polycystic kidney disease (ARPKD) 


3. Nephronophthisis-medullary cystic disease complex (NPH/ 
MCD) 


4. Glomerulocystic kidney disease (GCKD) 


5. Cysts associated with multiorgan syndromes (e.g., tuberous 
sclerosis) 
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Imaging and Pathology 


Ultrasonography is the basic imaging method preferred 
for both detection and description of renal cysts and cystic 
diseases. There are several reasons for this choice. Besides 
its well-known advantages for antenatal and pediatric age, 
the probable contraindications for use of contrast material 
in certain cystic diseases with renal insufficiency make it 
more suitable in most instances. 


Nongenetic Renal Cysts 


Simple Cyst 

Simple Cortical Cyst 

General Information 

e Simple cysts are believed to arise from obstructed collecting 
duct tubules. 

e They are usually 4 cm or less but may reach considerable 
size of more than 10 cm. 

e Although simple cysts are mainly located in the corti- 
cal region, they may be peripheral in location. In adults, 
simple cysts do not need to be monitored or treated 
unless they are too big to cause any pain or compres- 
sion of renal tissue. Percutaneous US-guided sclero- 
therapy should be the first-line management method 
for these cysts. 

e Intracystic hemorrhage, infection, and rupture of simple 
renal cysts are indeed very rare complications and are 
probably overestimated in the literature. 


Imaging 

Plain Film Radiography 

e Plain films are not used any more in diagnosis and dif- 
ferential diagnosis of cysts. They can be detected on 
plain films if they are big enough to create a separate 
density. 

Intravenous Pyelography (IVP) 

e On IVP, compression caused by renal cysts on the collecting 
system can be appreciated but cystic-solid differentiation of 
a mass would not be possible (Fig. 3.1). 

Ultrasonography 

e A simple cyst has three features: 

— Cyst with a thin wall or imperceptible wall 

— Anechoic center 

— And through transmission or posterior acoustic 
enhancement (Fig. 3.2) 

e Acquired simple cysts are common in chronic kidney 
diseases, especially if the patient is on long-term dialysis 
(Fig. 3.3). 

Computed Tomography (CT) 

e Well-defined, homogeneous hypodense lesion showing 
sharp interface with adjacent renal parenchyma and 
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Fig. 3.1 Simple cyst. An elderly man with a large right renal cyst. IVP 
shows compression, distortion and dilatation of the collecting system. 
Linear opacity represents compressed calices by the cyst (arrow) 


water content (density measurement <20 HU). No wall 
thickening, calcification or enhancement accompanies. 

Magnetic Resonance Imaging 

e Round or oval lesions with signal intensity of simple fluid 
on all sequences resulting in low signal on T1 weighted 
and high signal on T2-weighted images. 

e No internal structures, wall thickening, or septa should be 
appreciable. 

e After gadolinium administration, there is no enhancement. 


Pathology 

e Gross: Simple cysts are most commonly found in the 
cortex and are filled with clear fluid (Fig. 3.4). 

e Microscopy: The cyst lining is translucent and glistening 
and is composed of cuboidal or flattened epithelium 
(Fig. 3.5). The cyst wall may calcify. 


Differential Diagnosis 

e The obstructed upper moiety calices of a duplicated col- 
lecting system can mimic an upper pole cyst in a child 
(Fig. 3.6). 

e Calyceal diverticulum. Usually, chronic obstruction of a 
calyx causes a diverticulum that is indistinguishable from 
a cyst, but delayed nephrographic phase will fill the 
diverticulum with contrast (Figs. 3.7 and 3.8). 

e Vascular abnormalities such as aneurysms and pseudoan- 
eurysms may also mimic simple cysts with anechoic 
appearance on US. Doppler US evaluation may diagnose 
these lesions (see Fig. 4.21). 
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Fig. 3.2 Simple cyst. 

A 65-year-old woman with 
anechoic, thin-walled 5 cm 

cyst with posterior acoustic 
enhancement in the lower pole 
of her left kidney. Color Doppler 
does not demonstrate any 

blood flow 


Fig. 3.3 Simple cyst. A 76-year-old woman on long-standing dialysis. Sonography shows bilateral, multiple small simple cysts (arrows), and 
highly echogenic renal parenchyma. These cysts are secondary to acquired cystic renal disease 


Pearls and Pitfalls Parapelvic Cysts 
e Simple cysts can be detected on plain films if they are big General Information 

enough to create a separate density. e Their origin is likely lymphatic or develop from embryo- 
¢ The best imaging method to confirm a renal simple cyst is logic rests. 

ultrasound. e Most of these cysts are asymptomatic although they 
e Calyceal diverticulum can mimic a simple renal cyst. may cause hematuria, hypertension, and hydrone- 


e A peripelvic cyst can also mimic a simple renal cyst. phrosis. 
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Fig. 3.4 Simple cortical cyst. Simple cortical cyst may be single, 
multiple, widespread, or localized. It is usually located in the cortex and 
is filled with clear serous fluid. The lesion shown was a conglomerate of 
closely situated simple cysts (Image courtesy of Richard Naturale, 
M.D.) 
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Fig. 3.5 Simple cortical cyst. The cyst is typically lined by flattened 
epithelium. Sometimes no lining epithelium is identified. The wall is 
often thick and fibrotic and is occasionally calcified 


Imaging 

Intravenous Pyelography 

e Parapelvic cysts may cause elongation and displacement 
in renal calices and stretching infundibuli. 

e IVP may be useful to differentiate multiple parapelvic 
cysts from hydronephrosis by demonstrating absence of 
caliceal dilatation. 

Ultrasonography 

e Well-defined anechoic masses in renal sinus that do not 
communicate with the renal collecting system. 

e Typically ellipsoid in shape and may mimic hydronephro- 
sis since they are located more centrally within the renal 
sinus (Fig. 3.9). 

Computed Tomography 

e Parapelvic cysts show similar CT findings as cortical 
cysts; however, they are located in renal sinus and not the 
renal cortex. 

e Parapelvic cysts do not show contrast enhancement. 
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Fig.3.6 Duplicated renal collecting system with upper pole obstruction. 
A 2-year-old girl with anechoic right renal upper pole cystic structure of 
3 cm that mimics a simple cyst (a). The ureter is dilated, and a ureterocele 
(arrow) is seen on the right side of the bladder (b) 


Differential Diagnosis 

e Multiple parapelvic cysts usually mimic hydronephrosis 
and vesicoureteric reflux. On US, CT, and MRI dilated 
calices may be shown to communicate with renal pelvis 
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Fig. 3.7 Calyceal diverticulum. 
(a) Sonography shows a small 
lower pole calyceal cyst that 
mimics a cyst (short arrow) 
adjacent to a big stone (long 
arrow). (b) Plain film shows a big 
lower pole stone (arrow). (¢) 
Contrast pooling in the lower 
pole of left kidney adjacent to the 
renal stone confirms the diagnosis 
of calyceal diverticulum 
(arrowhead) 


which is diagnostic of hydronephrosis. However, 
parapelvic cysts do not communicate with renal pelvis. 
Postvoid imaging is important to differentiate parapelvic 
cysts from vesico-ureteric reflux. Parapelvic cysts will not 
disappear on postvoid images. 


Pearls and Pitfalls 


Parapelvic cysts do not communicate with the renal 
collecting system. 

These cysts may result in hematuria, hypertension, and 
hydronephrosis. 
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Complex Cyst 
General Information 
e A simple cyst with hemorrhage, infection, or debris is 


called a complex cyst; however, a cystic RCC may 
present as complex cystic mass. 

Bosniak classification is widely accepted as a useful guide 
in the management of complex renal cysts. An exception 
to the rule is a hydatid renal cyst in which nonspecific 
(wall thickening or calcification, internal echoes, and 
avascular solid components) or specific findings (mem- 
brane detachment and daughter cysts) can be detected. 
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Fig.3.8 A cystic lesion (arrowhead) is seen on the superior pole of the 
left kidney with anechoic appearance and a hyperechogenic focus 
(arrowhead) which was assumed to be wall calcification or stone (a). 
CT image of same patient at nephrogram phase reveals hypodense cys- 
tic lesion (arrowhead) which contains stones (b). Delayed nephro- 
graphic phase CT depicts the filling of the presumed cyst with contrast 
material confirming the diagnosis of a calyceal diverticulum (c) 
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Imaging 
Ultrasonography 


A cyst with a thickened or calcified wall with septae, 
internal echoes, or mural nodules is described as a 
complex cyst (Fig. ). 

Tissue harmonic imaging is helpful to eliminate 
“pseudo” or “dirty” echoes and confirm complex cystic 
lesion. 

Complex cysts should always be evaluated by combined 
US, color Doppler US, and CT or MRI to detect any vas- 
cularity of their solid contents, the extent of calcification, 
and the density of the cystic components (Fig. ). 
CT-based Bosniak classification may not be strictly 
adapted on US. 

Thickened wall, mural nodularity, and thickened (>2 mm) 
and vascularized septa are sonographic malignancy indi- 
cators on US. 

Aspiration cytology for complex cysts is not regarded to 
be reliable since it may have a high false negativity. 


Computed Tomography 


Density of fluid content may be >20 HU on noncontrast 

CT. 

Complex cyst may demonstrate wall thickening, 

calcification, and presence of septa. 

Infected cysts may contain air density. 

Benign complex cysts have septal thickening of <2 mm 

and absence of contrast enhancement of septae. 

Bosniak classification was firstly used with CT imaging 

features of cysts, but then, it was adapted in US and 

MRI. 

Bosniak Cassification on CT is summarized as follows: 

— Category I: Thin wall; no septa, calcification, solid com- 
ponent, or enhancement; water attenuation (Fig. 3.12) 

— Category II: Few hairline-thin septa with or without 
enhancement; fine calcification in the wall or septa; <3 
cm homogeneously high attenuating masses that are 
sharply marginated and do not enhance (Figs. 3.13 and 

) 

— Category II F: Multiple hairline-thin septa with or with- 
out enhancement; minimal smooth thickening of wall or 
septa that may show no perceived enhancement; no 
enhancing soft tissue components; intrarenal nonenhanc- 


ing high-attenuation renal masses (>3 cm) (Fig. ) 
— Category III: Thickened irregular or smooth walls or 
septa, with measurable enhancement (Fig. ) 


— Category IV: In addition to criteria of category III, 
enhancing soft tissue components adjacent to, or 
separate from the wall or septa (Fig. ) 


Magnetic Resonance Imaging 


Complicated cysts are hyperintense on T1 and T2 weighted 
images due to hemorrhagic or proteinaceus content. 
Hemorrhagic cysts do not show contrast enhancement, 
whereas infected cysts may show enhancement. 

MRI is insensitive in detection of calcification. 
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Fig. 3.11 Complex cyst. Color Doppler US demonstrates a complex 
cyst with no vascularity 


Differential Diagnosis 

e Aspiration cytology for complex cysts is not regarded to 
be reliable since it may have a high false-negative results. 

e Cystic RCCs differ from complicated cysts by showing 
poor defined walls and intense enhancement after contrast 
administration on MRI. 


Pearls and Pitfalls 
e Benign criteria for complicated cysts are septa thicken- 
ing <2 mm and absence of contrast enhancement of 


i : : septa. 

Fig. 3.10 Complex cyst. (a) Sonography shows a cyst with thick, : eqs ; 
irregular, and calcified multiple septae. (b) The extent of calcification in * MRI has increased ability to detect cyst septa in 
septae (arrow) is better shown by CT comparison with CT. 
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Fig. 3.12 Bosniak category I. Axial contrast-enhanced CT demon- 
strates a low density simple cyst (arrow) without contrast enhancement 
(From Strang JG, Dogra V. Body CT secrets. Philadelphia: Mosby/ 
Elsevier; 2007. Reprinted with permission) 


A 


Fig. 3.13 Bosniak II cyst with a thin (<1 mm) septa (arrowhead) 
(From Strang JG, Dogra V. Body CT secrets. Philadelphia: Mosby/ 
Elsevier; 2007. Reprinted with permission) 


Multicystic Dysplastic Kidney 

General Information 

e Itis a developmental entity characterized by nonfunction- 
ing kidney with multiple cysts of varying size is called a 
multicystic dysplastic kidney (Fig. ). 

e The etiology is believed to be absence of caliceal drain- 
age system at an early embryologic phase. The dysplastic 
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Fig. 3.14 Bosniak II cyst. A hyperdense (hemorrhagic) cyst (arrow) in 
the left kidney on a non-enhanced CT (NECT) scan (From Strang JG, 
Dogra V. Body CT secrets. Philadelphia: Mosby/Elsevier; 2007. 
Reprinted with permission) 


Fig. 3.15 Bosniak II F cyst. NECT image of the left kidney reveals a 
4.8 cm cystic lesion with thick, peripheral calcification. Size >3 cm and 
presence of thick peripheral calcification rules out a Bosniak II cate- 
gory, and is called a Bosniak IIF cyst (From Strang JG, Dogra V. Body 
CT secrets. Philadelphia: Mosby/Elsevier; 2007. Reprinted with 
permission) 


kidneys usually have an atretic ureter and atretic or 
hypoplastic renal vasculature. 

e The so-called hydronephrotic form of multicystic dyspla- 
sia may be confusing with a large central cyst representing 
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Fig. 3.16 Bosniak III cyst. Cystic lesion arising from the superior pole 
of the left kidney with thicker and nodular calcification (arrow) (From 
Strang JG, Dogra V. Body CT secrets. Philadelphia: Mosby/Elsevier; 
2007. Reprinted with permission) 


Fig. 3.17 Bosniak IV cyst. A patient with known history of von 
Hippel-Lindau disease with multiple bilateral renal lesions. A cystic 
lesion in the left renal midpolar region with an enhancing mural nodule 
(arrow) is suggestive of renal cell carcinoma (From Strang JG, Dogra 
V. Body CT secrets. Philadelphia: Mosby/Elsevier; 2007. Reprinted 
with permission) 


renal pelvis and several smaller cysts that represent calices 
that have usually lost their connection with each other. 

e Prenatal diagnosis of unilateral and bilateral multicystic 
kidneys is relatively frequent; the bilateral form presents 
with severe oligohydramnios and pulmonary hypoplasia, 
and is not usually incompatible with life. In unilateral 
form, the contralateral kidney is prone to other abnormali- 
ties, the most frequent being uretero-pelvic junction 
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obstruction and reflux. Gastrointestinal and cardiac 
anomalies may also be present. 

e Some authors rather prefer the term “cystic renal dyspla- 
sia” or “hypoplastic dysplasia” for these cases where US 
shows bilateral echogenic small kidneys with loss of corti- 
comedullary differentiation and with fewer-smaller cysts. 

e Obstructive renal cystic dysplasia associated with reflux 
is considered by some experts to be a subgroup of dys- 
plastic kidneys. The kidneys in Prune Belly syndrome 
represent examples of obstructive dysplasia. 

e Another controversial issue is the definition of partial cys- 
tic dysplasia. A kidney with multiple cysts in one part of it, 
and with an otherwise normal function, may be labeled as 
partial dysplastic kidney. Some believe that this is a differ- 
ent entity and should be called “localized cystic disease” or 
“segmental cystic disease.” Some authors even claim that 
this entity is part of the spectrum of polycystic kidney dis- 
eases and should be named as “unilateral cystic disease.” 


Imaging 

Intravenous Pyelography 

e Retrograde pyelography may demonstrate atretic or 
absent ureter. 

Ultrasonography 

e Ultrasound findings are multiple noncommunicating 
cysts, absence of both normal parenchyma and normal 
renal sinus and focal echogenic areas representing 
primitive mesenchyme or tiny cysts. 

e Only 20 % of kidneys have reniform shape. 

e These kidneys may be smaller with fewer cysts, or with 
duplicated collecting systems, one of which may be draining 
a functional part. Similarly, two dysplastic kidneys with little 
function on each side or one completely dysplastic or age- 
netic and the other partially dysplastic kidneys may be seen. 

e Multicystic dysplastic kidneys may be associated with 

Meckel Gruber syndrome. 

Computed Tomography 

e Multiple simple cysts of various sizes separated by 

normal or atrophic renal tissue in a conglomerate mass 

Magnetic Resonance Imaging 

e Multiple simple cysts separated by attenuated, enhancing 
renal parenchyma. 

e Coronal plane may be more helpful in visualization of 
findings. 


Pathology 

e Gross: Multicystic dysplasia is usually unilateral; the kidney 
is small, irregularly shaped, and composed of multiple 
variably sized cysts (Fig. 3.19). 

e Micro: Histologically, the kidney shows variable amounts 
of cysts, dysplastic ducts, primitive tubules, abnormally 
formed glomeruli, and immature cartilage. Dysplastic 
ducts are lined by columnar epithelium and surrounded 
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Fig. 3.18 Multicystic dysplastic 
kidney. Fourteen-day-old girl 
with right multicystic kidney. 
Sonography shows multiple cysts 
of variable size 


Fig. 3.19 Renal dysplasia: 
multicystic kidney. The extent of cyst 
formation is variable. In all instances, 
the ipsilateral ureter is atretic or 
obstructed at the level of the 
ureteropelvic junction 


by fibromuscular collars. Normal tubules and glomeruli 
can be seen intermixed with these elements (Fig. ). 


Differential Diagnosis 

e The important radiological clue to differentiate MDK 
from multiloculated cystic nephroma is that the latter has 
a thick capsule around the cysts. 
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At fetal US, unilateral cystic disease without oligohy- 
dramnios is most often multicystic dysplasic. If both 
kidneys are multicystic dysplasic, then severe oligohy- 
dramnios is often present. 

Multicystic dysplasic kidneys, hydronephrotic form may 
resemble hydronephrosis. In suspicious cases, scintigraphy 
or IVP may be helpful. 
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Fig. 3.20 Renal dysplasia. 
Microscopic findings vary widely. 
Cysts of variable size and number 
are commonly observed, lined by 
flat cuboidal cells, and separated 
by fibrous stroma of variable 
prominence. Collars of spindle 
cells surround dysplastic ducts 
lined by columnar epithelium. 
Glomeruli are poorly formed or 
absent. Islands of immature 
cartilage are often seen in 
dysplastic kidneys, possibly 
derived from renal blastema 


Pearls and Pitfalls 
e Ultrasound findings are 


renal sinus. 


e A small proportion develop Wilms’ tumor, so careful mon- 


itoring with repeat ultrasound studies is recommended. 


e The important radiological clue to differentiate MDK dis- 
ease from multiloculated cystic nephroma is that the latter 


has a thick capsule around the cysts. 


Cystic Neoplasia 
General Information 


e Benign or malignant neoplasms that have cystic com- 
ponents are included in this group. These masses have 
to be differentiated from complex nonneoplastic 


cysts. 


e Benign multiloculated cystic nephroma and cystic renal cell 


cancers are the most frequent neoplasms of this spectrum. 


Multilocular Cystic Nephroma (MLCN) 
General Information 


multiple noncommunicating 
cysts, absence of both normal parenchyma and normal 


ible. Most tumors involve the renal cortex, but in some 
cases, cystic nephroma protrudes into the renal pelvis 
(see Fig. 1.55). 

Another entity that has been assigned the name of “cystic 
nephroma” is a variant of cystic partially differentiated 
nephroblastoma (CPDN), found predominantly in chil- 
dren less than 2 years old, and representing an entirely 
cystic form of Wilms tumor (Fig. 3.21) (see also Fig. 
1.56). In this variant of CPDN, the septa harbors no neph- 
roblastomatous elements and such tumors have been des- 
ignated “cystic nephroma,” recognizing that these lesions 
are distinctly different on many levels from morphologi- 
cally similar tumors, bearing the same name, that occur 
predominantly in adult females. 

The typical imaging finding is a big (average size 10 cm), 
encapsulated, multicystic lesion herniating into renal 
hilum. Most of the cystic tumors have plenty of solid tis- 
sue that makes the diagnosis unequivocal. However, espe- 
cially small complex cysts may not be confidentially 
labeled as benign, and therefore need elaborate CT and/or 
MRI work-up. 


e Cystic nephromas are well circumscribed, usually unilat- Imaging 
eral but rarely bilateral, and range in size from 1.4 to Ultrasonography 
13 cm in diameter. They arise predominantly in middle- ¢ Complex, predominantly cystic masses that contain both 
aged to older adult females. They are composed of an large and small cystic regions (Fig. 3.22). 
encapsulated aggregate of variably sized multilocular ¢ Solid appearing echogenic mass may be seen if the cysts 
cysts containing serous fluid. No solid areas are discern- are tiny. 
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Fig. 3.21 Extensively cystic 
renal cell carcinoma, clear cell 
type, and Fuhrman grade 2. Solid 
nodules of hemorrhagic and 
golden-brown cancer are 
interspersed between cysts of 
variable size 


Fig.3.22 Cystic partially differentiated nephroblastoma. A cystic mass 
with solid components is shown on sonography of a 2-year-old girl 


Computed Tomography 


e Encapsulated, noninfiltrative, multilocular cystic lesions. 


e Thin septa formations are seen. 


e Renal contrast excretion is usually normal, but filling 


defect may be seen in renal collecting system. 
Magnetic Resonance Imaging 
e Hyperintense multilocular cystic mass. 
e Without solid components. 


e Prolapse of renal cysts into renal sinus may be better seen 


on coronal MRI images. 
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Differential Diagnosis 


Cystic renal cell carcinoma (RCC) 
Multicystic dysplastic kidney 


Pearls and Pitfalls 


MLCN usually presents as encapsulated, multicystic 
lesion herniating into renal hilum. 

Calcifications may obscure the evaluation of contrast 
enhancement in complex cysts on CT so MRI may be 
convenient for evaluation of contrast enhancement for 
calcified cysts. 


Cystic Renal Cell Carcinoma 
General Information 


Approximately 15 % of all RCCs are partly cystic and are 
predominantly seen in patients above the age of 50 years. 
Cystic renal cell carcinoma (RCC) often has thickening or 
nodularity in a portion of its wall. 

Size is not a good predictor for malignancy in cystic renal 
mass. 


Imaging 
Ultrasonography 


Discrete nodularity and solid component within a cystic 
mass 

Thickened irregular septae 

Irregular marginations 

Vascular signal in solid component of the cyst 


Computed Tomography 


Complex cyst with irregular margins. 

Enhancing solid components and thickened septa (>2 mm). 
Solid components in a cystic RCC enhance more than 20 
Hounsfield units. 
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e Presence of irregular calcification. 

e Presence of calcification is the less predictive finding of 
RCC in renal cysts, when compared with the finding of 
enhancement within portions of the cyst. 

e A beam-hardening artifact may result in false attenuation 
measurements on CT. 

e Small simple cysts that are surrounded by intensely 
enhancing renal parenchyma may show “pseudoenhance- 
ment” (<20 HU). 

Magnetic Resonance Imaging 

e Enhancing solid components within a predominantly 
cystic lesion. 


Differential Diagnosis 

e Thickening of cyst wall may be seen at infected cyst, 
abscess, cyst with hemorrhage, and organizing hematoma 
with a pseudocapsule. 


Pearls and Pitfalls 

e Approximately 15 % of all RCCs are partly cystic. 

e Small simple cysts that are surrounded by intensely 
enhancing renal parenchyma may show “pseudoenhance- 
ment” on CT. 


Medullary Sponge Kidney (MSK) 

General Information 

e This is a relatively frequent disease that may be bilateral, 
unilateral, or even segmental. The medullary cystic struc- 
tures are not true cysts but dilated distal collecting ducts. 
They are usually smaller than 1 cm and rarely exceed 
2 cm. 

e Many patients are discovered incidentally with suspicion 
of nephrolithiasis because calculi usually form within the 
ducts. 


Imaging 

Intravenous Pyelography 

e The best imaging method to reveal the typical findings of 
the disease is IVP. 

e Contrast pooling within the dilated collecting ducts 
restricted to the medulla (brush appearance) is a specific 
finding and only “pyelotubular back-flow” variation may 
mimic this appearance (Fig. 3.23). 

e However, in diffuse bilateral involvement, similarity of 
the medullary blush to that seen in ARPKD, may some- 
times be confusing. 

Ultrasonography 

e The plain films and US usually show typical medullary 
nephrocalcinosis, in the form of multiple tiny calculi. 

e The small medullary cysts may only be visible by detailed 
sonographic scanning; size and distribution of the cysts is 
not symmetrical (Fig. 3.24). Medullary sponge kidney 
may be associated with Caroli syndrome. 
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Fig. 3.23 Medullary sponge kidney with medullary nephrocalcinosis. 
(a) Plain film of a 42-year-old woman shows unilateral multiple opaci- 
ties in medullary region of the right kidney. (b) IVP shows typical 
sunray appearance of the dilated distal tubules 


Computed Tomography 

e Unenhanced CT may demonstrate multiple hypodense 
dilated tubulary structures and stones (Fig. 3.25). 

e On CT urography, 3-dimensional contrast-enhanced 
maximum intensity projection images may clearly show 
characteristic papillary blush associated with scattered 
calculi within dilated collecting tubules. 

Magnetic Resonance Imaging 

e MRI has a complementary role and is useful only in 
patients who are allergic to iodinated contrast media. 

e Brush appearance and hyperintense cysts may be demon- 
strated on T2-weighted images. 


Pathology 

e Medullary sponge kidney results from ectasia of the pap- 
illary collecting ducts of one or more renal pyramids. 

e Itis more commonly found in men and is usually bilateral; 
the kidneys are of normal size and shape. The collecting 
system shows prominent ectasia, lined by cuboidal or 
flattened epithelium, and intratubular calcifications are 
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Fig. 3.24 Medullary sponge 
kidney. Few small medullary 
cysts together with multiple 
medullary echogenic foci 
reflecting stones on sonography 
of the right kidney in a young 
adult 


Fig. 3.25 Medullary sponge kidney. Axial (a) and coronal (b) unen- 
hanced CT images of the left kidney demonstrate dilated tubulary struc- 
tures (arrow) in medulla and hyperdense calculi (arrowhead). Patient is 
status post right nephrectomy because of Wilms tumor 


common. Localized scarring may occur due to the formation 
of microliths. 


Differential Diagnosis 

e The main differential diagnosis is nephronophthisis/ure- 
mic medullary cystic disease complex (NPH/MCD); In 
NPH/MCD complex, there is tubular basal membrane 
damage, tubular atrophy, and interstitial fibrosis, resulting 
in small sized kidneys. Where as in in MSK, the “benign 
tubular ectasia” is not progressive, and the kidney size is 
usually normal. 


Fig. 3.25 (continued) 
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e Papillary necrosis may show punctate contrast accumulation 
in renal medulla. However, these contrast accumulations in 
papillary necrosis are in association with calices, and this 
can be seen on retrograde pyelography. In medullary sponge 
kidney, there is no pathway between contrast accumulations 
and calices. 


Pearls and Pitfalls 

e Many patients are discovered incidentally with suspicion 
of nephrolithiasis. 

e Contrast pooling within the dilated collecting ducts 
restricted to the medulla is a specific finding on IVP. 


Genetic Cystic Renal Diseases 


Adult Onset Autosomal Dominant Polycystic 

Kidney Disease (ADPKD) 

General Information 

e This is the most frequent genetic kidney disease with a 
prevalence of 1/500. Family history is positive in 90 % of 
patients and 10 % of cases occur by spontaneous muta- 
tion. The children of patients have a 50 % chance of 
having the disease. 

e The gene defect is localized on chromosome 16 in 85 % 
of patients (type 1), on chromosome 4 in approximately 
15 % (type 2), and the remaining cases of less than 1 % 
have multiple or unknown gene sites. 

e The disease usually does not cause any symptoms till the 
third or fourth decade. There may be exceptional cases 
that may be overt in childhood or remain silent till the 
eighties. The classical signs of the disease are flank pain, 
hematuria, and hypertension. Occasionally, the patient 
may palpate the mass of enlarged kidneys. 

e Between 29 and 73 % of patients with ADPKD have sim- 
ple liver cysts with varying size and number. Other organ 
cysts are less frequent. Ten to fifteen percent of patients 
may harbor intracranial berry aneurysms. Although the 
severity of the disease is variable, the average age for 
developing end-stage renal disease (ESRD) is around 50 
for type 1, and around 70 for type 2 which is a milder 
subgroup. Almost half of ADPKD patients may survive 
without having ESRD. 

e Biliary hamartomas are associated with ADPKD. 
Embryologic basis of two entities reveals similar mecha- 
nism that cysts in ADPKD and biliary hamartomas are 
thought to develop from interrupted remodeling of the 
ductal plates during the late phase of embryologic 
development. 

e Bear criterias in the diagnosis of ADPKD are presence 
of at least three cysts in both kidneys with at least one 
cyst in each kidney in any age group with family 
history. 
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e US has false-negative rate of about 14 % in patients 
younger than 30 years in diagnosing ADPKD. Therefore, 
evaluation of donor kidneys under age of 30 should be 
done with MRI and not ultrasound. Ultrasound has 100 % 
sensitivity for patients older than 30 years of age. 

e Hemorrhage and infection of cysts are not rare, and cer- 
tainly more frequent than simple nongenetic cysts. 
Calcifications and nephrolitiasis are also observed quite 
often in ADPKD. 

e The kidneys may be affected unequally, and at times liver 
cysts may be more prominent than renal cysts. The ratio 
of patients with liver cysts reaches almost 90 % by age 60. 
Although US is the basic imaging tool, CT or MRI may 
be used in the follow-up to cover all abdominal organs for 
extended global view of the renal and extrarenal findings. 
This is especially beneficial in cases where huge kidneys 
cannot be fit into a single sonographic view and when 
there is suspicion of hemorrhage or infection of cysts. 

e The typical radiological findings are huge kidneys with 
innumerable cysts and a compressed but functional paren- 
chyma (Fig. 3.26). The kidneys may exceed 40 cm in 
length. However, affected children usually have smaller 
and fewer cysts that may hardly be detectable (Fig. 3.27). 

e ADPK does not increase the RCC incidence, but if these 
patient are placed on dialysis, incidence of RCC 
increases. 

e Only 5 % of the nephrons are affected in ADPK. 


Imaging 

Intravenous Pyelography 

e IVP is no more used in the routine work-up of patients, 
but if it is done, displaced and splayed calices will be 
shown. 

Ultrasonography 

e Nephromegaly with multiple, variably sized renal cysts in 
the kidneys 

e Early in the disease, it is possible to detect normal renal 
parenchyma. 

e Cysts may cause obstruction of collecting system leading 
to stone formation. 

e Nephrolithiasis may be difficult to demonstrate sono- 
graphically because of distortion of the collecting system 
by numerous large cysts. 

e Hemorrhage into the cysts are common. 

e Ultrasound examination if used for screening for ADPK 
before the age of 30 years has a false-negative rate of 
15 %. MR is the best screening modality. 

Computed Tomography 

e Bilateral enlarged kidneys with various sized cysts 
(Fig. 3.28). 

e Hyperdense cysts may be hemorrhagic which do not how 
contrast enhancement. 

e Urinary stones are more easily detected by CT. 
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Fig. 3.26 ADPKD. Forty-four-year-old man with bilateral nephromegaly. Sonography shows both kidneys with innumerable cysts of varying 


sizes 


Fig. 3.27 ADPKD. Eight-year-old girl with bilateral cysts, sonogra- 
phy shows at least two cysts in her right kidney which is 111 mm in 
length (large for age) 


Magnetic Resonance Imaging 
e Simple cysts are seen hypointense on T1 weighted and 


hyperintense on T2-weighted images (Fig. 3.29a). 
e Hemorrhage into the cysts cause increased signal intensity 
on T1-weighted images (Fig. ). 


e Solid components of cysts and enhancement of solid com- 
ponents are more definitely seen on postcontrast 
T1-weighted images. 


Fig. 3.28 Adult onset polycystic kidney disease. Axial unenhanced 
CT image at the level of the kidneys demonstrates bilateral nephro- 
megaly with multiple cysts. Liver cysts in the lower part of right lobe 
(arrowhead) and calcification of left renal artery (arrow) are additional 
findings 


Pathology 
Gross 
e In ADPKD both kidneys are involved; cortical surfaces 
are bosselated due variably sized cysts that occupy the 
cortex and medulla. The collecting system remains 
intact (Fig. 9). 
e The kidneys retain their normal reniform shape; how- 
ever, as the disease progresses, the cysts grow in size 
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Fig. 3.29 Adult onset polycystic kidney disease. Axial (a) and coronal 
HASTE (b) (T2 weighted) MR images demonstrate bilateral nephro- 
megaly with multiple cysts. Majority of the cysts are hyperintense; 
however, some cysts have variable signal intensity secondary to high 
protein content or hemorrhage (arrow). 


and number, and the kidneys become massively 
enlarged (weighing up to 4 kg each). 
Micro 

e Cyst fluid can be translucent, proteinaceous, or hemor- 
rhagic, and may contain calcium oxalate crystals. The 
cysts represent expansions of all portions of the glomer- 
ular capsule or renal tubule that eventually become dis- 
connected and filled with fluid. They are lined by 
flattened or cuboidal epithelium or papillary tufts 
(Fig. 3.31). 

e Renal neoplasms, most commonly papillary renal 
cell carcinoma, may develop. The intervening renal 
parenchyma is fibrotic. 
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Fig. 3.30 Adult dominant polycystic kidney disease. This is the most 
common genetically transmitted disease and the most common cystic 
renal disease. When bilateral nephrectomy becomes necessary due to 
clinical considerations, the kidneys have often attained massive size, as 
in this case. Cut surfaces demonstrate the presence of innumerable cysts 
of variable size. The collecting system is normal. Despite distortion by 
the cysts, the kidneys retain a reniform shape (From MacLennan GT, 
Resnick MI, Bostwick DG. Pathology for urologists. Philadelphia: WB 
Saunders; 2002, with permission) 
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Fig. 3.31 Adult dominant polycystic kidney disease. The residual 
renal tissue between the innumerable cysts shows a paucity of recogniz- 
able functional renal units. The interstitium is fibrotic and contains an 
infiltrate of chronic inflammatory cells. The tubules are atrophic and 
both tubules and the few remaining glomeruli are undergoing sclerosis 


Differential Diagnosis 

e In children, ARPKD, tuberous sclerosis, von Hippel- 
Lindau disease, and acquired cystic disease of uremia 
should be considered in differential diagnosis. 

e Differential diagnosis of genetic cystic kidney diseases 
during childhood may be troublesome. Some early pre- 
senting ADPKD cases may have similar radiological 
findings with juvenile type ARPKD. An important dif- 
ference between the two types of polycystic diseases is 
that ARPKD is always associated with hepatic fibrosis. 
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Pearls and Pitfalls 
e The cysts increase with age. Only less than 5 % of the total 
nephrons or collecting ducts are involved by the cysts. 


Autosomal Recessive Polycystic Kidney Disease 

(ARPKD) 

General Information 

e This is the most common cystic renal disease manifest- 
ing in infancy and childhood; it occurs approximately 1 
in 20,000 births. The parents usually don’t have renal 
disease, but if both parents are genetic carriers of 
ARPKD, the risk for a sibling to this condition is 25 %. 
The responsible gene defect is on chromosome 6. 

e There are four subgroups of the disease based on presen- 
tation and severity: perinatal (most common), neonatal, 
infantile, and juvenile forms. 

e The most severe involvement is in the perinatal group and 
up to 90 % of the collecting ducts may be ectatic. Patients 
usually die with renal insufficiency and pulmonary 
hypoplasia related to oligohydramnios. 

e In the neonatal group, approximately 60 % of ducts are 
affected, but still they can rarely survive beyond 1 year 
of age. 

e The infantile and juvenile forms are characterized by 
involvement of 25 and 10 % of the collecting ducts, respec- 
tively. However, these patients have varying degrees of 
hepatic fibrosis that ultimately leads to portal hypertension 
and cirrhosis. Half of these can survive to adulthood. 


Imaging 

Intravenous Pyelography 

e IVP is not indicated but shows typical “streaky radiating 
nephrogram” that represents accumulation of contrast in 
the dilated tubules. 

Ultrasonography 

e The diagnosis of ARPKD may be suggested by typical 
prenatal sonographic findings; big echogenic kidneys 
associated with oligohydramnios (Fig. 3.32). 

e In the perinatal form, individual cystic dilatations of the 
collecting ducts cannot usually be identified. Instead, dif- 
fuse echogenic kidneys without corticomedullary differ- 
entiation are seen. In some cases, with high-resolution 
linear probes, dilated cylindrical tubules, typically in a 
radiating pattern can be observed (Fig. 3.33). 

e Inthejuvenile form, diffuse medullary microcalcifications 
that almost always create twinkling artifacts are diagnos- 
tic (Fig. 3.34). Hepatic fibrosis is usually evident in these 
patients and is more severe than the kidney involvement. 
Generally, the renal and hepatic diseases are inversely 
proportional. Diffuse and sometimes saccular biliary 
dilatation, in the form of Caroli syndrome, may accom- 
pany ARPKD, and attacks of cholangitis may occur 
(Fig. 3.35). 
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Fig. 3.32 ARPKD. Antenatal sonography shows big echogenic 
kidneys with loss of corticomedullary differentiation 


e Most helpful imaging study is US since it can show the 
tiny tubular dilatations, small cysts, and medullary 
microcalcifications that may be overlooked by CT. 
Macrocysts are quite rare and usually seen in later stages. 
In the juvenile form, kidneys may seem to be normal or 
may have less typical clues of the disease. 

e The confirmation of ARPKD or differentiation from an 
early manifesting ADPKD may then need genetic 
testing. 

Computed Tomography 

e Massively enlarged, hypoattenuating kidneys. 

e Striated nephrograms may be observed after the adminis- 
tration of contrast material. 

Magnetic Resonance Imaging 

e Nephromegaly with reniform-shaped kidneys. 

e The renal parenchyma has high signal intensity with 
T2-weighted sequences and low signal intensity with 
T1-weighted sequences. 


Pathology 

e In ARPKD, the cysts represent dilated collecting ducts. 
The kidneys are enlarged with smooth cortical surfaces 
(Fig. 3.36). 

e The cysts are relatively uniform in size, extend radially 
through the cortex and medulla, and are lined by cuboidal 
epithelium. Intervening renal parenchyma shows normal 
nephron elements, although interstitial fibrosis may 
develop (Fig. 3.37). 


Differential Diagnosis 
e Autosomal dominant polycystic kidney disease and other 
renal cystic diseases in childhood. 
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Fig. 3.33 ARPKD. 
Eleven-month-old boy with 
bilateral echogenic-big kidneys; 
linear transducer can show the 
dilated fusiform tubules as cystic 
structures 


e In prenatal sonography, the volume of the amniotic fluid 
is an important indicator in considering ARPKD. Severe 
oligohydramnios associated with bilaterally enlarged 
echogenic kidneys favors the diagnosis of ARPKD. 
ADPKD does not usually present in this period. 


Pearls and Pitfalls 

e Most common cystic renal disease manifesting in infancy 
and childhood. 

e The most severe involvement is in the perinatal group. 

e Most helpful imaging study is US since it can show 
enlarged echogenic kidneys. 


Nephronophthisis (NPH): Medullary Cystic Disease 

General Information 

e NPH is a familial tubulointerstitial nephropathy with an 
autosomal recessive mode . The pathological features are 
progressive distal tubular ectasia and atrophy together 
with interstitial fibrosis. 

e Accounts for 10 and 20 % of cases of renal failure in 
childhood 

e Juvenil NPH usually presents in the first decade and may 
be associated with multiorgan involvement, such as ocu- 
lar and cerebellar abnormalities, skeletal dysplasia, 
hepatic fibrosis, and biliary ductal ectasia. 

e Medullary cystic disease shares the same pathology and 
clinical features with nephronophthisis. Medullary cys- 
tic disease has autosomal dominant inheritance, whereas 
nephronophthisis is an autosomal recessive disease. 


e Medullary cystic disease is usually detected in the third to 
fourth decades. 


Imaging 

Intravenous Pyelography 

e Thinned renal cortex with inhomogeneous streaking 
restricted to the medulla. 

e Lucent enlarged pyramids. 

e Accumulation of contrast medium appear in the form of 
rings in pyramid which is pathognomonic. 

Ultrasonography 

e US may be normal in early disease. Small cysts in corti- 
comedullary region become visible late in the course of 
the disease process. 

e Parenchymal hyperechogenicity and loss of corticomed- 
ullary differentiation are often observed in normal sized 
kidneys. 

Computed Tomography 

e May be helpful in detecting small medullary cysts earlier 
than US, but CT is not recomended for diagnosis because 
of radiation exposure. 

Magnetic Resonance Imaging 

e Clearly demonstrates the corticomedullary cysts character- 
istic of nephronophthisis/medullary cystic kidney disease 


Pathology 

e Gross: Bilateral involvement of normal or moderately 
small kidneys with contracted granular surface, thin- 
walled medullary cysts up to 2 cm, particularly at 
corticomedullary junction. 
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Fig. 3.34 ARPKD. Four-month-old boy. (a) Dilated tubules (white arrows) and multiple punctate medullary bright echoes. (b) In the color 
Doppler mode, the bright medullary echoes create twinkling artifacts 


e Micro: Cysts lined by flattened or cuboidal epithelium; © Electron microscopy: homogenously thickened tubular 
also tubulointerstitial fibrosis and lymphocytic infiltrate, basement membrane, split into thin lamellae, reticulated, 
tubular atrophy with thickened tubular basement mem- or disintegrated 
brane (highlighted by PAS); glomeruli usually preserved 
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Fig. 3.35 ARPKD. Ten-month-old girl with multiple irregularly 
dilated biliary ducts associated with polycystic kidneys 


Fig. 3.37 Infantile autosomal 
recessive polycystic kidney 
disease. Normal cortical and 
medullary tissue is diffusely 
replaced by innumerable 
cystically dilated radially 
arranged collecting ducts 
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Fig. 3.36 Infantile autosomal recessive polycystic kidney disease. 
Both kidneys are massively enlarged, which can impede lung develop- 
ment and result in stillbirth or death in early neonatal life due to respira- 
tory failure. Kidneys retain their reniform shape, and collecting systems 
are normal. The cut surface has a spongy appearance due to the pres- 
ence of innumerable small cystically dilated structures (Image courtesy 
of Raymond Redline, M.D.) 
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Fig. 3.38 Juvenil NPH. F 3.73 
Nine-year-old girl with bilateral R 33 í n 
small echogenic kidneys. (a) 
Sonography shows both kidneys 
with increased cortical echoge- 
nicity and multiple small 
medullary cysts. (b) The small 
medullary cysts and thinned 
cortex are seen on contrast- 
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enhanced CT 
Differential Diagnosis Glomerulocystic Kidney Disease (GCKD) 
e Juvenil NPH is a distinct entity and imaging features are General Information 
diagnostic. e This is a newly described form of genetic kidney disease. 
e This rare disease is sometimes grouped as a distinct entity 
Pearls and Pitfalls and sometimes listed as a subgroup of other cystic dis- 
e US and CT may show small echogenic kidneys with loss eases or syndromes. Its early and severe form is seen in 
of corticomedullary differentiation, medullary cysts neonates and mild form in adults. 


smaller than 2 cm and decreased parenchymal thickness ° The diagnosis should not rely only on imaging findings. 

(Fig. 3.38). Early in the disease, kidney size may be Ultrasonography 

normal and cysts may not be detectable. e The main imaging feature is the presence of subcortical 
e Accumulation of contrast medium appear in the form of small cysts of less than 1 cm and increased cortical 

rings in pyramid which is pathognomonic. echogenicity (Fig. 3.39a). 
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Fig. 3.39 (a) Prenatal sonographic view of both kidneys with 
increased echogenicity and bilateral enlargement. Tiny cysts are barely 
visible. (b) Post-mortem cut-section of the kidney shows multiple tiny 


Pathology 

e Gross: enlarged kidney with cortical cysts (Fig. 3.39b). 

e Micro: Bowman’s epithelium and tubular epithelium 
show hyperplastic changes, cells have abundant granular 
cytoplasms and may fill tubular lumina, abnormal smooth 
muscle hyperplasia may be present. Histology reveals 
bilateral cystic dilatation of the renal glomeruli with wid- 
ening of the Bowman spaces and consecutive dilatation of 
the proximal tubule (Fig. 3.39c). 


Differential Diagnosis 

e Differentiation is needed against other entities with 
bilateral widespread small cysts. 

e Imaging findings are similar to ARPKD. 


Pearls and Pitfalls 
e Subcapsular small cysts of less than 1 cm and increased 
cortical echogenicity. 


cysts throughout the whole parenchyma. (c) Histological view shows 
multiple glomerular cysts (Courtesy of Dr. Ants Toi) 


Cysts Associated with Multiorgan Syndromes 

e This group of diseases may have bilateral multiple 
cysts as part of a syndrome with multiple organ 
involvement. 

e The most frequent example is tuberous sclerosis which 
is characterized by mental retardation, seizures, 
angiofibroma, and hamartomas. Half of the patients 
have multiple and bilateral angiomyolipomas, and 25 % 
have multiple renal cysts. Renal cell carcinoma may 
develop in up to 5 % of patients. Infants may present 
with renal cysts as the only manifestation of the 
disease. 

e In von Hippel-Lindau disease, cerebellar hemangioblas- 
tomas, retinal angiomas, and pheochromocytomas occur 
together with cysts in kidneys, liver, pancreas, and 
epididymis. Renal cysts are seen in two-thirds of patients 
and renal cell carcinoma in 40 %. 
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Fig. 3.40 Twenty-nine-year-old man with Bartter syndrome. (a) Sonography of the right kidney shows multiple tiny medullary cysts (white 
arrows) and calcifications. (b) Left kidney is similar with small cysts and medullary nephrocalcinosis 


e Meckel-Gruber syndrome has three major components: 
occipital encephalocele, polycystic kidneys, omphalocele, 
and polydactyly. Other organ abnormalities are also fre- 
quent. The diagnosis is usually by prenatal or perinatal ultra- 
sound, and patients rarely survive beyond a few weeks. 


e The remaining rare syndromes, in which renal cysts 
may occur, are oro-facio-digital syndrome, Bartter 
syndrome (Fig. ), Bardet-Biedl syndrome, Jeune 
syndrome, Zellweger syndrome, and Ellis-van Creveld 
syndrome. 
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Renal Calculus Disease 
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Calculus Disease 


General Information 


The disease has a progressively increasing incidence over 
the last decades especially in the developed and still 
developing countries, probably due to changing lifestyle 
and dietary habits. 

Calcium containing radiopaque stones are by far the most 
common type of urinary stones today contrary to the 
decreased incidence of uric acid and cystine stones 
(Table 4.1). 

With modern scanners and state of the art scanning proto- 
cols; asymptomatic, low density, and/or millimetric stones 
can be easily detected. 


Urinary Stone types 


(a) 


(b) 


Calcium oxalate stones: 70 % of all urinary stones con- 
tain calcium oxalate. Dietary factors, inborn errors of 
metabolism, and acquired metabolic disorders (distur- 
bances of calcium metabolism) predispose to calcium 
oxalate stone formation. A high oxalate excretion is 
associated with high risk of recurrent stone formation. A 
low excretion of citrate has been demonstrated in up to 
50 % of patients with calcium-oxalate disease. 

Struvite stones (triple phosphate stones): Struvite stones 
are common in patients with urinary tract infection with 
pseudomonas, proteus, klebsiella, and streptococcus. These 
organisms produce urea-splitting enzymes, resulting in 
increased concentration of ammonia and bicarbonate in the 
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(c) 


(d) 


(e) 


urine, thereby predisposing patients to an increased 
incidence of struvite stones (infection stones). Struvite 
stones are composed of magnesium ammonium phosphate, 
calcium carbophosphate, carbonate apatite, and urease. 
Seventy percent of staghorn calculus are struvite stones. 
Cystine stones: Cystine stones are more common in 
adults than in children. Cystinuria is an autosomal reces- 
sive disorder resulting in abnormal transport of cysteine, 
ornithine, lysine and arginine in the proximal renal tubule, 
and intestinal epithelium. Cystine solubility coefficient 
in urine is very low, resulting in stone formation. 

Uric acid stones: Primary uric acid stones occur in Lesch- 
Nyhan syndrome, and secondary urate stones are seen in 
patients with inflammatory bowel disease, lymphoprolif- 
erative disorders, and myeloproliferative disorders. 
Oxalate stones: These stones are associated with hyper- 
oxaluria of two types: primary hyperoxaluria (Type I) is 
the result of an autosomal recessive disorder, in which the 
defect lies in alanine-glycolate aminotransferase causing 
hyperglycosuria. Type II hyperoxaluria is secondary to a 
defect in glyoxylate-reductase. The presence of glycolate 
in type I can be confirmed by liver biopsy and this is 
pathognomonic. Secondary type of oxalate stones occur 
in conditions such as cystic fibrosis, inflammatory 
genitourinary disorders, and ileal resection. 


Table 4.1 Composition of upper urinary tract stones 


Frequency (%) 

Composition Men Women 
Radiopaque stones 

Calcium oxalate — calcium 92.1 90.3 

phosphate 

Struvite 1.4 5.1 
Radiolucent stones 

Cystine 0.7 1.6 

Uric acid 5.5, 2.2 

Others 0.3 0.7 


Adapted from Yasui et al. (2008) 
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Lasix Stones 

Lasix (furosemide) stones are common in neonates treated 
with Lasix for congestive heart failure. Lasix induces 
calciuresis and stimulates the parathyroid gland, causing sec- 
ondary hyperparathyroidism. Lasix stones do not require any 
specific treatment as these stones disappear after cessation of 
the use of Lasix. 


Proteinase Inhibitors and Urinary Stones 

Indinavir and atazanavir are used in the treatment regimen 
for patients with AIDS. These drugs act as a protease 
inhibitors, ultimately preventing the formation of new 
viral particles. Nephrolithiasis induced by indinavir and 
atazanavir is reported with an incidence of approximately 
12.4 and 7.3 %, respectively. Darunavir is a second gen- 
eration protease inhibitor; the incidence of urinary stone 
formation in patients treated with darunavir is reportedly 
0.15 %. 


Imaging 


Plain Film Radiography 

e The basic imaging modality for suspected urinary calculus 
disease is plain film radiography. 

e Kidney-ureter-bladder (KUB) can detect urinary stones 
that are radiopaque (Fig. 4.1). 

e Typically, urinary stones are found in the renal collecting 
system, the bladder, or at locations where the ureters are 
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Fig. 4.1 Staghorn right renal pelvic stone (arrowhead) is seen on this 
KUB. In addition a gallstone (arrow) is present 
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Fig. 4.2 KUB demonstrates radiopaque left ureteral stones (arrowheads) 
at middle and distal segments of the ureter 


narrower, such as ureteropelvic junction, iliac vessel 
crossing, and ureterovesical junction (Fig. 4.2). 

e Radiopaque upper urinary tract stones are usually easy to 
define with their unique morphological features, such as 
staghorn shape or faceted contours. 

e Renal stones that involve the renal pelvis and at least two 
calyces are classified as staghorn calculi. These stones 
are mostly composed of mixtures of magnesium ammo- 
nium phosphate and/or calcium carbonate apatite 
(Figs. 4.3 and 4.4a-c). 
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a 
Fig. 4.3 The left pelvicalyceal system is completely filled with a large 
staghorn calculus 


Renal outlines can often be clearly delineated, as kidneys 
are completely surrounded by retroperitoneal fatty tissue, 
so secondary findings such as renal enlargement and 
obscured renal margins related to obstructing stones, 
whether they are radiopaque or radiolucent, may also be 
detected by KUB examination. 

Scoliosis with a concavity towards the painful side is 
another useful additional sign in detecting a renal stone 
and localizing its side. 

KUB has several drawbacks: 
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Fig. 4.4 Staghorn calculus. (a) Plain film radiograph (inverted image) 
demonstrates staghorn calculus (arrow) in the right kidney. (b) 
Retrograde pyelography reveals staghorn calculus involving the middle 
and lower pole calyces of the right kidney. (c) Nephrectomy specimen, 


— Radiolucent stones cannot be detected. 

— Patient’s body habitus or bowel contents may mask 
small radiopacities. 

— Mid-ureteric stones are not easy to detect because of 
sacral superposition (Fig. 4.5). 
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bivalved, from a patient with recent sepsis and nonfunctioning kidney. 
Arrows indicate multiple soft calculi (struvite stones) in the renal pelvis 
and calyces 


— Bowel preparation and oblique projections may 
facilitate the diagnosis when needed. 

— Urinary stones may be found at unexpected sites due to 
structural variations or anomalies of the urinary system, 
such as malrotation and ectopic location (Fig. 4.6). 
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Fig. 4.5 Mid-ureteric stone. (a) On this KUB, millimetric right ureteric stone is superposed over sacrum (arrow). Fifteenth minutes (b) and late 
(prone position) (c) IVP series reveal delayed right renal function 
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— Distinction of stones from various extra-urinary 
radiopacities may be difficult. 

— Cholelithiasis, calcified nevi, or lymph nodes may 
mimic upper urinary tract stones, whereas phleboliths 
and calcifications related with internal genital organs 
and diseases may resemble lower urinary tract stones 
(Figs. 4.7, 4.8, 4.9, and ). 

e Detailed inspection of the patient or additional imaging 
studies are occasionally needed to characterize the 
suspicious lesion exactly. 

Intravenous Pyelography 

e The traditional imaging modality of the urinary system is IVP. 

e Comprehensive data about the functional and morpho- 
logical characteristics of the urinary system can be 
obtained with a couple of projections after intravenous 
administration of water soluble and nonionic contrast 
media. 

e The technique is also the preferred imaging modality by 
urologists because minimally invasive interventions, such 
as extracorporeal shock wave lithotripsy and percutane- 
ous nephrolithotomy, can be accurately planned accord- 
ing to collecting system anatomy revealed by IVP. 

e Radio-opaque stones are usually located by IVP but may 


be obscured by contrast material (Figs. A , and 
). Fig. 4.6 Left lower calyx stone, which is seen as a filling defect on this 
e In contrast, radiolucent stones are usually seen as filling IVP spot film (arrow), is located unexpectedly far away from midline 
defects (Fig ) secondary to the ectopic and mal-rotated left kidney 


Fig. 4.7 Gallbladder stone. KUB and IVP spot films reveal an ovoid shaped gallbladder stone (arrows) superposed on the right kidney (a, b) 
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Fig. 4.8 Calcified nevus. (a) An amorphous calcification (arrow) is present at right paravertebral location on KUB. (b) IVP spot film shows that 
the lesion is unrelated to the urinary tract. On detailed inspection of the patient, a calcified nevus was seen on the right lumbar region 


a 


(A 

> ‘ ; r P Fig. 4.10 Calcified corpora amylacae. Midline amorphous calcification cluster 
Fig. 4.9 Calcified lymph node. Bilateral and multiple calcified (arrow) is present at bony pelvis floor which is consistent with corpora amylacea of 
retroperitoneal lymph nodes are visible on IVP (arrows) the prostate 
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Fig. 4.12 Left lower pole calyx stone (arrow) is completely covered 


Fig. 4.11 Multiple millimetric radiopaque renal stones (arrow) and a : 
by contrast material (KUB not shown) 


large proximal ureter stone (arrowhead) are present on the right side. 
Right renal function is deteriorated 
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Fig. 4.13 Left uretero-pelvic (arrow) and mid-ureteric stones (arrowhead) are covered with contrast material on IVP series (a, b). Mild 
hydroureteronephrosis is seen secondary to these partially occluding stones 


Fig. 4.14 Partially obstructing right distal ureter stone (arrow) on plain film (a) and as a filling defect on IVP (b) 
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Fig. 4.16 Moderate hydroureteronephrosis and delayed renal function 


secondary to left ureter stone located at level of iliac vessel crossing 
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Ureteral stones may cause urinary system obstruction, 
especially when they lodge into the physiologically 
narrower segments of the ureter (Fig. ). 

Obstruction leads to dilatation of the urinary tract 
above the calculus and delay in renal nephrogram 
(Fig. ). 

Ideally, the diagnostic quality of an IVP examination 
should be improved by bowel preparation to eliminate 
artifacts related to bowel contents because the potential 
hazards of contrast material injection, such as anaphy- 
laxis and nephrotoxicity, and the use of ionizing radia- 
tion, weigh against repetition of the examination 
(Fig. ). 

Abdominal compression maneuver can be used to improve 
the quality of IVP but should not be used in patients with 
abdominal aortic aneurysm. 

Films taken in erect or prone positions may facilitate 
distal ureteral filling. 

Obstructing stones cause delayed renal function; contrast 
passage distal to the stone is not readily seen, necessitat- 
ing late spot films to attempt to evaluate renal function 
and to display the distal ureters. 


Ultrasound 


One of the widely used imaging modalities in the diagnosis 
of urinary calculus disease is ultrasound. 
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Fig. 4.17 KUB (a) and 25 min (b) IVP spot films of poor diagnostic 
quality. The relationship of the left side suspicious radiopacity in the 
bony pelvis and the bifid left ureter is visible (arrows). In addition, 


e Urinary stones appear as echogenic foci with prominent 
posterior acoustic shadowing because the sound waves are 
strongly reflected by the surface of the stone (Fig. ). 

e Millimetric calyceal stones or nonobstructing ureteral 
stones are difficult to detect with ultrasound. 

e Doppler ultrasound may facilitate the diagnosis of small 
renal calculus if the “twinkle artifact” is present behind 
the suspicious echogenic focus (Fig. J, 

e Dilatation of the pelvicalyceal system and ureters is an indi- 
rect sign of obstructing ureteric stone. Hydronephrosis can 
be graded by ultrasound (Figs. ; ; , and ). 

e Perinephric fluid collection may accompany urinary 
obstruction, secondary to forniceal rupture. 

e Absence of an intermittent ureteral jet stream into the urinary 
bladder on color flow Doppler ultrasound (CDUS) is an 
additional indirect feature of ureteral obstruction (Fig. ). 

e Spectral Doppler analysis of the renal arteries, especially 
the measurement of the arterial resistive index (RI) can 
also be used, since several reports in the literature reveal 
a correlation between increased RI values (>0.70) and 
urinary obstruction. 


the right renal staghorn calculus (short arrow) is occluding the 
pelvicalyceal system 


Fig. 4.18 Longitudinal gray-scale sonogram of the left kidney. 
Hyperechoic stone with prominent posterior acoustic shadowing 
(arrow) is present in the lower calyx 


— Obesity and bowel gas interposition may preclude 
examination of the ureters. 


Fig. 4.19 Color flow Doppler ultrasound of the left kidney. Twinkle 
artifact (arrow) is present in the lower calyx stone 
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Fig. 4.21 Proximal ureter stone (arrow) is occluding the ureter, which 
in turn results in moderate hydronephrosis and clubbed calyces 


Fig. 4.22 Obstructing ureteric stone (not seen on this section) is caus- 
ing severe hydronephrosis (arrow). Renal parenchymal thinning 
(arrowheads) secondary to hydronephrosis can be appreciated 


Fig. 4.20 Longitudinal sonogram of the kidney. Pelvic stone (arrow) 
is obstructing the collecting system; all calyces are moderately dilated 


— Arcuate artery calcifications seen in atherosclerotic indi- 
viduals may resemble small calyceal stones (Fig. 4.25). 
— Perinephric fluid accumulations are not pathogno- 
monic of obstruction and can occur in other renal dis- 
orders, such as pyelonephritis. 
Computerized Tomography 
e Helical imaging has important advantages over the con- 
ventional CT technique, such as completion of volumetric 


examination during single breath-hold time with narrower 
collimation (<3 mm in multidetector row units), which in 
turn results with elimination of motion and misregistra- 
tion-related artifacts and higher diagnostic quality. 
Unenhanced CT protocol for urinary stones is summa- 
rized in Table 4.2. 

Virtually, all types of urinary stones (radiolucent or 
radiopaque) are visible on CT. 

CT can assist in diagnosing noncalculous or extra-urinary 
causes of flank pain in emergency settings. 

Both direct and indirect signs of urinary stones are easily 
detected with a nonenhanced CT examination. 

Urinary stones are directly seen as calcified densities 
(Fig. 4.26). 

CT density values of different types of urinary stones are 
summarized in Table 4.3. 
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Fig. 4.23 Marked hydronephrosis of the kidney. Renal parenchyma is 
almost atrophied 
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Fig. 4.24 Transverse view of bladder. Both ureters are disease free and 
bilateral ureteral jets are visible on color flow Doppler ultrasound 


The location and size of the stones can be accurately 
assessed to calculate stone burden, for optimal therapeu- 
tic approach. 

Indirect signs of calculus disease are usually secondary to 
obstruction. Hydronephrosis, hydroureter, and renal or 
perinephric edema are indirect signs present in patients 
with ureteric stones (Figs. 4.27, 4.28, and 4.29). 

The “rim sign,” is secondary to edematous and swollen 
ureteric wall around the stone (Fig. 4.30). This helps in 
differentiating phleboliths from ureteric calculi. 


Fig. 4.25 Gray-scale longitudinal sonogram of the right kidney. 
Arcuate artery (two parallel lines) calcification (arrow) resembles a 
lower pole calyx stone 


Table 4.2 Unenhanced CT renal stone protocol 


Section thickness 5mm 
Table speed 5 mm/s 
Pitch 1 
Kilovoltage 120 kV 
Milliamper 180 mAs 


Fig. 4.26 Nephrolithiasis. Uneenhanced CT demonstrates left proximal 
ureter (arrow) and lower pole calyx stone (arrowhead) with 
hydronephrosis 


e Extrarenal pelvis or parapelvic cysts should be distin- 
guished from dilated and obstructed collecting system 
(Fig. 4.3 1a, b). 

e Pelvic phleboliths may mimic distal ureteric stones. 
Phleboliths usually have a radiolucent center and “bifid 
peak” seen on pixel maps (Fig. 4.32). Another useful 
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Table 4.3 The density values of different types of urinary stones at 
120 kV and 3 mm collimation on unenhanced CT 


Urinary stone type Mean attenuation value x NU eg = 1.00 
Uric acid 386-415 / A Ror 
Calcium oxalate 723-1,249 

Cystine 537-668 

Struvite 563-919 

Hydroxyapatite 803-1,525 


Mag = 1.00 


ROT 


Fig. 4.28 Ureterolithiasis. (a) Unenhanced CT demonstrates mild 
right hydroureter (arrow). (b) Subcentimeter right distal ureteric stone 
(arrow) is responsible for proximal hydroureter 


Fig. 4.27 Ureterolithiasis. (a, b) Unenhanced CT reveals mild 
hydronephrosis secondary to a small subcentimeter right middle ure- 
teric stone (arrow) 


4 Renal Calculus Disease 135 


Fig. 4.29 Ureterolithiasis. Consecutive unenhanced CT sections (a-d). Perinephric edema and stranding (arrows), hydroureter and periureteric stranding 
(arrowhead) are present secondary to the tiny right ureteric stone (open arrowhead) 


Fig.4.30 “Rim sign” represents the swollen ureteric wall (arrowhead) 
around the mid-ureteric stone on unenhanced CT 
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finding is the “tail sign” accompanying pelvic phleboliths. 
The pelvic vein bearing the calcification is seen as a soft 
tissue line as an extension of the suspected focus 
(Fig. 4.33). 

Medullary pyramid sign is another secondary sign of 
ureteral obstruction. Presence of bilateral high-attenua- 
tion renal pyramids can be seen on routine unenhanced 
CT renal stone studies. Obstructing ureteral stone results 
in renal edema decreasing the attenuation of the renal 
pyramids on the obstructed side; as a result, the ipsilat- 
eral white pyramid disappears. The finding of high- 
attenuation medullary pyramids in only one kidney 
suggests the presence of obstruction in the contralateral 
kidney. White pyramid sign has a sensitivity of 27 % for 
ureteral stones (Fig. 4.: J, 

Striated nephrogram can be demonstrated on contrast- 
enhanced CT in the presence of ureteral obstruction 


(Fig. 4.35). 
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Fig. 4.31 Bilateral extrarenal pelvis. Coronal CT demonstrates extrarenal pelvis (arrows) in the (a) right and (b) left kidney 


e Steinstrasse is defined as a column of fragments of renal 


stones obstructing the ureter (Fig. ). This is usually 
seen in patients who have been treated with extracorpo- 
real shock wave lithotripsy (ESWL). The reported inci- 
dence of steinstrasse after ESWL is about 4 %. The size 
of the stones in the column is usually between 2 and 5 
mm. The problem of steinstreisse post-ESWL can be 
ameliorated by placement of an indwelling ureteral stent 
prior to treatment. 

Other common entities that present with acute flank pain 
include renal cell carcinoma, pyelonephritis, appendicitis, 
and diverticulitis (Figs. and ). 

Noncontrast CT examinations with low-milli-Ampere 
and low-kilovolt peak levels or increased pitch values are 
as useful as standard dose protocols in urinary calculus 
disease and in other disease settings. With a limited exam- 
ination and appropriate settings, lower radiation dose lev- 
els on a par with IVP series or even with KUB can be 
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Fig. 4.32 Phlebolith. 

(a) A suspicious hyperdense 
focus (arrow) is present in this 
pelvic CT section. (b) “Pixel 
map” analysis of this focus is 
compatible with pelvic 
phlebolith, as the “bifid peak 
sign” (dotted circle) is positive 


kV 120 


Fig. 4.33 Phlebolith. “Tail sign” (arrow) on unenhanced CT is usually 
associated with pelvic phleboliths 


achieved, while the diagnostic quality of the examination 
is preserved (Table 4.4). 

e Recently, much attention has been focused on discrimina- 
tion of stone types (i.e., uric acid and non-uric acid stones), 
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using dual energy CT examination, and the results are 
promising. 

Dual-energy CT interrogates the attenuation values of 
objects at two different X-ray energy levels and enables 
radiologists to distinguish the high-density areas created by 
iodine, calcium, or other substances. The extent of attenua- 
tion of an incident X-ray is affected by its energy and the 
properties of the intervening matter: atomic composition, 
density, and thickness. On dual-energy CT, an object with 
unknown material composition is usually imaged twice, 
using 80 and 120 kVp. The materials within that object can 
be differentiated and quantified based on the change in 
X-ray attenuation observed between voxels obtained with 
the two spectra, with reference to the expected change in 
X-ray attenuations of the base materials. 

Uric acid stones, which are composed of small atoms, 
specifically carbon, oxygen, nitrogen, and hydrogen, 
show relatively little change in X-ray attenuation com- 
pared with almost all other stones, which generally include 
larger atoms, such as calcium, phosphorous, magnesium, 
or sulfur. 
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Fig. 4.36 Steinstrasse. Unenhanced CT at the level of the kidneys 
demonstrates steinstrasse appearance in the right kidney with moderate 
hydronephrosis post-ESWL 
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Fig. 4.34 White pyramid sign. Unenhanced contrast CT at the level of 
the kidneys demonstrates (a) white pyramids in right kidney. There is 
absence of white pyramids in the left kidney (a) secondary to the pres- 
ence of a midureteric stone (b) resulting in edema of the left kidney 
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Fig. 4.37 Renal cell carcinoma. (a) Unenhanced CT demonstrates 


Fig. 4.35 Striated nephrogram. Contrast enhanced CT at the level isodense soft tissue mass that occupies the left renal hilus (arrow). 


of the kidneys demonstrates bilateral striated nephrogram in a patient (b) On postcontrast examination, hypoattenuated renal mass is clearly 
status posttrauma visible (arrow). Pathological diagnosis is renal cell carcinoma 
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Fig 4.38 Appendicitis. Unenhanced CT reveals thickened intestinal 
segment and fatty tissue stranding around the lesion consistent with 
acute appendicitis (arrow). Huge uterine fibroid is an incidental finding 
in this patient 


Table 4.4 Radiation dose exposure comparison of CT and conventional 
examinations 


Effective dose 


Imaging modality (in milli-Sievert units) 


Standard helical CT? (200 mA, 7 
120 kVp, pitch 1, 5 mm) 

Standard multi-detector CT 9 
(200 mA, 120 kVp, pitch 0.75, 

5 mm) 

Low-dose multi-detector CT <l 
(80 mA, 120 kVp, pitch 1.75, 5 mm) 
KUB’ 0.7 
IVUs 7 


Adapted from Reddy ( ) 
“Computerized Tomography 
*Kidney-Ureter-Bladder 
‘Intravenous Urography 


e Identification of stone composition alters patient manage- 
ment, since uric acid stones can often be treated by aggres- 
sive medical dissolution therapy, whereas other types of 
stones generally require more invasive procedures for 
possible mechanical extraction. Dual-energy CT has a 
100 % sensitivity and 75-100 % accuracy in differentiat- 
ing uric acid stones >3 mm in size from non-uric acid 
stones in the same size range. 

e Dual-energy techniques may be used for the diagnosis of 
renal stones on CT pyelography images through the use of 
virtual noncontrast images. Color coding can be used to 
demonstrate uric acid and calcium stones on dual energy 
CT for easy distinction. 

e A major disadvantage of this technique is an increased 
dose of radiation in comparison to the standard protocol. 
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Fig. 4.39 Ureteral stones on T2-weighted axial MRI images (a, b). 
Bilateral mid-ureteric stones are seen as low intensity foci in ureters 
(arrows). Bilateral hydronephrosis (mild on the right side and severe on 
the left side) accompanies these stones (Courtesy of Dr. Füsun Taşkın) 


Radiation exposure due to two tube scanning at different 
energy levels can be substantially reduced using a limited 
stone-targeted dual-energy protocol. 

Magnetic Resonance Imaging 

e Magnetic resonance imaging (MRI) is a valuable diag- 
nostic tool in evaluation of suspected urinary calculus 
disease, especially when ionizing radiation is 
contraindicated. 

e There are several ways to examine the urinary system 
with MRI. Standard T2-weighted series are usually 
sufficient to reveal stones and dilatation of the collecting 
system (Fig. 4.39a, b). 

e In addition, heavily T2-weighted turbo spin echo 
sequences such as RARE (rapid acquisition with relax- 
ation enhancement) or HASTE (half-Fourier acquisition 
single-shot turbo spin-echo) provide MR _ urographic 
images (Fig. ). Rapid T2-weighted sequences are 
easy to perform but have several drawbacks, including 
the inability to evaluate renal function and difficulty in 
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detecting small stones. MR urography protocols are 
summarized in Table 4.5. 

e Gadolinium-enhanced Tl-weighted sequences such as 
SPGR (spoiled gradient imaging) or 3D FLASH (three- 
dimensional fast low-angle shot) are analogous to con- 
trast-enhanced CT series, and these sequences are useful 
in the evaluation of renal function and nondilated collect- 
ing systems. However, the use of gadolinium chelates 
restricts the potential benefits of Tl-based sequences in 
expectant women and patients with renal failure. 


Cortical Nephrocalcinosis 


e Incortical nephrocalcinosis (CN), calcium is deposited in 
the renal cortex. Common causes include acute renal cor- 
tical necrosis and chronic glomerulonephritis (Table 4.6). 
Cortical nephrocalcinosis is seen as a peripheral band of 
calcification, often with extension into the Bertin’s septa, 
or diffuse punctuate calcifications on plain film (Fig. 4.41). 
Cortical nephrocalcinosis can be identified as echogenic 
foci on gray-scale ultrasound and twinkle artifact with 


Fig. 4.40 T2-weighted MR urography image of the previous patient color flow Doppler. Renal stone CT protocol can also 
(Fig. 4.39). Bilateral hydroureteronephrosis is well depicted (Courtesy demonstrate CN with ease. 
of Dr. Fiisun Taskin) 


Table 4.5 MR urography protocol for 1.5-T MR 


Section 
Procedure Location Imaging plane Sequence TR (ms) TE (ms) Flip angle Matrix thickness 
Prediuretic Abdomen, pelvis Axial, coronal, Localizer 
imaging sagittal 
Abdomen, pelvis Coronal Single-shot FSE 80 320x256 8 
Abdomen, pelvis Axial GRE T1-weighted 175 2.2/4.4 80 288x160 6 
Abdomen, pelvis Axial RT FS FSE Variable 102 320x224 6 
T2-weighted 
Pelvis Axial 3D FS GRE Minimum Minimum 12 320 x 192 3 
Postdiuretic- Ureters, bladder Coronal Cine thick-slab MR x 770 256 x 224 60 
precontrast urographic 
imaging 
Postcontrast Abdomen Axial 3D FS GRE Minimum Minimum 12 320 x 192 
imaging (precontrast) 
Abdomen Axial 3D FS GRE (delays Minimum Minimum 12 320 x 192 
of 20 and 45 s) 
Pelvis Axial 3D FS GRE Minimum Minimum 12 320 x 192 3 
Abdomen Axial 3D FS GRE Minimum Minimum 12 320 x 192 3 
(excretory) 
Pelvis Axial 3D FS GRE Minimum Minimum 12 320 x 192 3 
(excretory) 
Abdomen Coronal 3D FS GRE Minimum Minimum 12 320 x 192 3 
(excretory) 
Pelvis Coronal 3D FS GRE Minimum Minimum 12 320 x 192 3 
(excretory) 


Reproduced from Leyendecker et al. (2008) 
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Table 4.6 Causes of cortical nephrocalcinosis 


Acute renal cortical necrosis 

Chronic glomerulonephritis 

Alport’s syndrome (Hereditary nephropathy and deafness) 
Chronic hypercalcemic states 

Oxalosis 

Sickle cell disease 

Rejected renal transplant 


Fig. 4.41 Cortical nephrocalcinosis secondary to tuberculosis. Axial 
unenhanced CT at the level of kidney demonstrates two large areas of 
calcifications in the cortex of the right kidney 


Medullary Nephrocalcinosis 


e In medullary nephrocalcinosis, diffuse calcium deposits are 
seen in the medullary regions of the kidney (Fig. 4.42a, b). 
Primary hyperparathyroidism (fourfold increase in renal 
stones), type I renal tubular acidosis (distal), and medul- 
lary sponge kidney are the most common causes 
(Table 4.7). Ultrasound demonstrates increased echoge- 
nicity of the renal medulla, resulting in reversal of the 
normal corticomedullary echogenicity. CT reveals multi- 
ple, bilateral, and peripherally located calcifications in the 
distribution of the renal medullary pyramids. 


Alport Syndrome 


e Alport syndrome is a primary defect of type 4 collagen 
synthesis that results in hematuric nephropathy, sen- 
sorineural deafness, retinal flecking, and progressive renal 
failure. The mechanism of renal disease is due to irregular 
crosslinking of the type 4 collagen that makes up the 
glomerular basement membrane. This results in an abnor- 
mally hyperpermeable basement membrane. Calcifications 
in Alport syndrome can be demonstrated on ultrasound, 
CT, and plain X-ray. Typical sonographic findings include 
increased echogenicity of the renal cortex or medulla 
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Table 4.7 Causes of medullary nephrocalcinosis 
Hyperparathyroidism 

Renal tubular acidosis 

Renal tubular ectasia (medullary sponge kidney) 
Sarcoidosis 

Milk-alkali syndrome 

Idiopathic hypercalcemia 

Primary hyperoxaluria 

Increased vitamin D consumption 


(Fig. 4.43a, b). Acoustic shadowing may or may not be 
present, depending on the degree of calcification. 
Computed tomography adds the delineation of very small 
differences in radiodensity and is therefore useful for 
demonstrating tiny diffuse areas of calcium precipitation. 


Extracorporeal Shock Wave Lithotripsy 


e Extracorporeal shock wave lithotripsy (ESWL) is widely 
used in the treatment of symptomatic renal and ureteral 
stones. It is most effective for stones in the renal pelvis 
and upper ureter. Larger stones (>1.5 cm), stones of harder 
composition (cystine, calcium oxalate monohydrate), and 
stones in complex renal or ureteral locations (lower pole 
calyx or middle or lower ureter) are less sensitive to 
ESWL. 

e ESWL can also cause damage in thin-walled vessels of 
kidneys and adjacent tissues, which can result in hemor- 
rhage, release of cytokines/inflammatory cellular media- 
tors, and infiltration of tissue by inflammatory response 
cells. These may lead to short-term complications and to 
formation of scar and possible chronic loss of tissue 
function. 

e ESWL complications are related mostly to residual stone 
fragments, infections, and effects on tissues. Delayed 
complications of ESWL are often attributed to an associa- 
tion with decreased renal function and hypertension. 
Complications of ESWL are summarized in Table 4.8. 


Differential Diagnosis 


e Radiopaque urinary stones seen on KUB should be differ- 
entiated from several urinary and nonurinary radiopacities 
(Table 4.9). 

e Additional projections in oblique, prone, or erect posi- 
tions may clarify the exact location of the radiopacity. 

e Pelvic phleboliths, one of the most frequent reasons of 
misdiagnosis, can easily be distinguished by their specific 
properties on unenhanced CT (bifid peak sign, tail sign 
etc., Figs. 4.32 and 4.33). 
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Fig. 4.42 Medullary nephrocalcinosis. (a) Plain film radiograph 
demonstrates bilateral, medullary nephrocalcinosis. Axial (b) and 
coronal (c) unenhanced CT of another patient at the level of the 


e The vast majority of urinary stones are radiopaque. 

e Conditions causing urinary system obstruction are 
summarized in Table 

e Other conditions that may present with flank pain include 
renal cell carcinoma, pyelonephritis, appendicitis, and 
diverticulitis. 


Pearls and Pitfalls 


e Unenhanced CT is the imaging modality of choice in the 
diagnosis of calculus disease. 

e If no renal stone is detected on unenhanced CT, CT with 
intravenous contrast should be performed to assess for 
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kidneys demonstrate bilateral diffuse hyperdense calcium deposits in 
the renal medullary regions (arrow) 


other diseases that may present with acute flank pain such 
as renal cell carcinoma and acute pyelonephritis. 
Reduced radiation dose CT protocols are recommended 
because they are as sensitive as conventional protocols in 
the diagnosis of calculus disease. 

Ultrasound and MRI are promising imaging modalities, 
especially when ionizing radiation is contraindicated. 
Ultrasound diagnosis of urinary stone disease is gener- 
ally based on ultrasound artifacts (posterior acoustic 
shadowing, twinkling, and alising —ureteral jet-). Optimal 
scanning parameters should be arranged to exactly define 
these findings. 

Previous diagnostic or therapeutic interventions and dehy- 
dration are potential causes of misdiagnosis. 
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Fig. 4.43 Alport syndrome. Sagittal gray-scale ultrasound images 
(a, b) of a 24-year-old female patient with Alport syndrome demon- 


strate bilateral echogenic and atrophic kidneys with calcifications 


Table 4.8 Immediate and delayed complications of ESWL 


A. Complications related to stone fragments 
Renal colic 
Urinary tract obstruction 
B. Infectious complications 
Bacteriuria 
Bacteriemia 
Urinary tract infection 
Urosepsis 
Perinephric abscess formation 
Endocarditis 
C. Renal complications 
Acute 
Hematuria 
Hematoma 
Decrease in glomerular filtration rate 
Decrease in effective renal perfusion 
Chronic 
Hypertension 
Perirenal fibrosis 
Loss of renal function 
Cardiovascular complications 
Cardiac arrhythmias 
Aortic aneurysmal rupture 
D. Gastrointestinal 
Intramural hematoma in colon 
Peripancreatic hematoma 
Liver and spleen subcapsular hematomas 
Teus 


Table 4.9 Differential diagnosis of urinary calculus disease 


Urinary radiopacities Extra-urinary radiopacities 
Costochondral calcifications 
Cholelithiasis 


Calcified lymph nodes 


Calcified renal artery aneurysms 
Tumor calcifications 
Hydatid disease 
Vascular calcifications 
Calcified nevi 
Phleboliths 
Genital organ calcifications 


Table 4.10 Differential diagnosis of urinary system obstruction 


Ureterolithiasis 

Blood clot 

Urothelial (transitional cell) carcinoma 
Necrosis of papillae 

Iatrogenic surgical ligation of ureters 
Retroperitoneal fibrosis 

Endometriosis 
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Introduction 


Atherosclerotic renal artery stenosis results in renal ischemia 
which may lead to secondary hypertension and renal 
insufficiency. The second most common cause of RAS is 
fibromuscular dysplasia (FMD). Arteriovenous malformations 
of kidney can be congenital or acquired. A renal artery aneu- 
rysm (RAA) is defined as a dilated segment of renal artery that 
exceeds twice the diameter of a normal renal artery. 
Symptomatic renal artery aneurysms may present with hyper- 
tension, pain, hematuria, or renal infarction. Irrespective of its 
etiology, RAS is known to cause renovascular hypertension by 
stimulating excessive renin secretion of the ischemic kidney. 

The diagnosis of acute renal infarction is often missed or 
delayed due both to the rarity of the disease and its nonspecific 
clinical presentation. Thrombosis of the renal vein is usually 
caused by an underlying abnormality of the clotting system 
or the kidney itself or, in dehydrated or septic infants. 


Imaging Findings and Pathological Features 
Atherosclerotic Renovascular Disease 


General Information 

e There are many different causes of stenotic or occlusive 
renal artery disease, but the most common cause is ath- 
erosclerosis (Table 5.1). 

e There are about two to four million individuals with RAS 
in the United States alone. Patients with atherosclerotic 
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RAS are usually over 60 years of age and more likely to 
be male. 

e Incidence of RAS resulting in hypertension is about 
1-5 % among all patients with hypertension. 

e The clinical presentation of patients, clinical signs, and 
risk factors are summarized in Table 5.2. 

e Percutaneous endovascular or surgical revascularization may 
significantly improve hypertension and even improve renal 
function in some patients who have atherosclerotic RAS. 


Table 5.1 Causes of renal artery stenosis or occlusion 


Atherosclerosis 60-90 % Age >50 

Common in male 
Fibromuscular 10-30 % Age 20-50 
dysplasia (FMD) Common in female 
Others (rare) <10 % Common in female 
Vasculitis 


Takayasu’s arteritis 


Polyarteritis nodosa 
(PAN) 


Buerger’s disease 


Dissection (renal 
arterial or aortic) 


Neurofibromatosis 
Midaortic syndrome 
Radiation injury 
Extrinsic compression 
(tumor, hematoma) 


Table 5.2 Clinical signs of hypertension secondary to RAS* 


Sudden onset of severe hypertension 

Accelerated or malignant hypertension 

Onset of hypertension <30 or >60 years of age 

Hypertension with rapidly progressive renal failure 

Hypertension unresponsive to appropriate three-drug therapy 

Renal failure in response to ACE? inhibitor 

Hypertension associated with an upper abdominal bruit over kidney 
Episodes of recurrent severe hypertension and pulmonary edema 


‘Renal artery stenosis 
*Angiotensin-converting enzyme 
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Imaging 

Plain Film Radiography 

e Plain film radiography may demonstrate calcification 
of renal arteries in patients with hypertension 
(Fig. 5.1). 

Intravenous Pyelography 

e Intravenous pyelography (IVP) is mentioned as a test of 
historical significance for the diagnosis of RAS. 

e Major findings on IVP that suggest the presence of unilat- 
eral ischemia include decreased renal size and delayed 
renal parenchymal contrast enhancement with delayed 
caliceal appearance time when compared to the contralat- 
eral kidney. 

e IVP is significantly less sensitive than other imaging 
examinations, and a negative test result cannot exclude 
RAS reliably. Furthermore, bilateral disease can be 
missed. 

Ultrasonography 

e Gray-scale US finding of narrowing of renal arteries at the 
ostium with or without calcified plaque is suggestive of 
atherosclerotic stenosis. 

e On color flow Doppler, focal color aliasing with mosaic 
pattern, poststenotic turbulence, and soft tissue color 
bruit suggests an underlying stenosis with increased 
peak systolic velocity (PSV), and poststenotic dilatation 
of the renal artery may also be typically observed 
(Fig. 5.2). 

e Peak systolic velocity focally increases at the anatomic 
site of a hemodynamically significant stenosis in the main 
renal artery. PSV in the main renal artery is greater than 
180 or 200 cm/s (Fig. 5.3). 

e Reno-aortic ratio (RAR) can be obtained by dividing the 
PSV at the origin of the main renal artery with PSV of the 
aorta. This ratio compensates individual variations in car- 
diac output and a reno-aortic ratio (RAR) greater than 
3.0-3.5 to be diagnostic of hemodynamically significant 
stenosis of more than 50 %. 

e The deep location of the main renal arteries may limit 
direct visualization of RAS on color flow Doppler, but 
evaluating parenchymal arterial waveform abnormalities 
provides an indirect method of diagnosing RAS. 

e The spectral Doppler appearance of normal native renal 
arterial flow should include rapid systolic upstroke to an 
early systolic peak with gentle decrease in flow velocity 
during late systole and diastole. RAS may result in loss of 
this characteristic spectral pattern. 
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Fig. 5.1 Abdominal aortic aneurysm with RAS. Abdominal radiogra- 
phy shows right renal stone (short arrow) and calcification of abdomi- 
nal aortic aneurysm (long arrows) of a patient with hypertension and 
left upper abdominal bruit over the level of renal artery 


e Pulsus tardus et parvus pattern (rounding and flattening of 
the systolic peak) may be observed distal to RAS 
(Fig. 5.4). 

e An “acceleration time” (AT) of greater than or equal to 
0.07 s has high accuracy, sensitivity, and specificity for 
detecting RAS (Fig. 5.5). 

e Pre-administration of 25 mg of captopril 1 h before 
Doppler ultrasound examination exaggerates the “pulsus 
tardus et parvus” waveform in the parenchymal vessels of 
patients who have RAS. 

e The segmental artery resistive index (RI) which is calcu- 
lated as [PSV —end diastolic velocity]/PSV may be useful 
in detecting concomitant renal disease. The normal RI in 
adults should be less than 0.70 in native renal artery. 

e Resistive index is an independent predictor of cardiovas- 
cular target organ damage and renal disease. In chronic 
renal disease, elevated RI has been shown to be an inde- 
pendent risk factor of worsening renal function and 
mortality. 

e The RI represents more than basic resistance, and it may 
be affected by many factors such as heart rate, valsalva by 
the patient, and arterial compliance. 

e A difference in RI of both kidneys (>0.07) may suggest 
RAS. 

e Some investigators also use ratio of PSV in the main renal 
artery to the PSV in the interlobar arteries (RIR), and 
threshold values of RIR greater than 5 with PSV less than 
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Fig. 5.2 Renal artery stenosis. (a) Transverse color flow Doppler US 
demonstrates focal aliasing with turbulent flow (short arrow) near the 
origin of the left main renal artery from the aorta. On spectral Doppler 
in the region of color aliasing, the PSV measures more than 4.8 m/s, 


consistent with RAS. Poststenotic dilatation of the renal artery can also 
be observed (long arrow). (b) Preprocedural DSA image shows the 
high-grade stenosis (short arrow) with poststenotic dilatation (long 
arrow) and confirms the diagnosis 
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Fig. 5.3 Renal artery stenosis. (a) Transverse color flow Doppler US 
demonstrates focal aliasing with turbulent flow and soft tissue vibration 
artifacts near the origin of the right main renal artery from the aorta. On 
spectral Doppler in the region of color aliasing, the PSV measures 


339 cm/s, consistent with RAS; aortic peak systolic velocity is 84 cm/s 
at this level (not shown). (b) Arterial DSA image before intervention 
shows the irregular atherosclerotic plaques with stenosis (arrow) and 
confirms the diagnosis 
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Table 5.3 Criteria for hemodynamically significant renal artery steno- 
sis in native vessels (>60 % stenosis) 


Direct criteria 


Peak systolic velocity (PSV) 
Renal artery-aortic ratio (RAR) 
Resistive index (RI) 


>180 cm/s in main renal artery 
>3.0-3.5 
>0.7 


Indirect criteria 


Renal artery interlobar artery ratio >5 


(RIR) 
Acceleration time (AT) >0.07 s 
Acceleration index (AI) >3 m/s? 


Parvus tardus waveform pattern in 
intrarenal vessels 


Ho V, Reddy GP. Cardiovascular imaging, vol 2. Ist ed. Elsevier. 
St. Louis, Missouri: Saunders; 2011. With permission from Elsevier 
Health Science Books 


15 cm/s in the interlobar artery were found to give high 
sensitivity (91 %) and specificity (87 %) for RAS. 
Criteria for hemodynamically significant renal artery 
stenosis in native vessels (>60 %) stenosis are summa- 
rized on Table 5.3. 


Computed Tomography 


Multidetector computed tomography (MDCT) angiogra- 
phy is comparable to DSA in the detection of hemody- 
namically significant RAS witha sensitivity and specificity 
of up to 96 and 99 %, respectively (Figs. 5.6 and 5.7). 
Secondary signs of RAS, such as poststenotic dilatation, 
decrease in renal size, cortical thinning, and decreased 
cortical enhancement, are also helpful in recognizing 
RAS on CT imaging. 

Dynamic contrast-enhanced MDCT can show delayed 
nephrographic progression in the affected kidney. 
Combined evaluation of source images, multiplanar 
reconstruction, shaded surface display, maximum inten- 
sity projection, and volume rendering is usually necessary 
to obtain good results (Fig. 5.7). 


Up to 30 % of patients have accessory renal arteries, and 
CT angiography has been shown to adequately identify 
these arteries. 

Selective DSA with pressure gradient measurement is 
necessary to assess the physiologic significance of RAS. 


Magnetic Resonance Imaging 


Renal MR angiography allows accurate anatomic exami- 
nation of the main renal arteries in patients suspected of 
having RAS (Fig. 5.8). 

Many investigators currently advocate using contrast- 
enhanced MR angiography as the primary noninvasive 
screening modality for RAS. 

Different studies have reported excellent correlation 
between DSA and MR angiography for detection of 
hemodynamically significant atherosclerotic RAS, with 
sensitivities and specificities up to 100 and 90 %, respec- 
tively (Fig. 5.9). 


Nuclear Scintigraphy 


Angiotensin-converting enzyme (ACE) inhibitor scintig- 
raphy of a kidney with RAS may exhibit impaired func- 
tion during ACE inhibition. 

A decline in the glomerular filtration rate (GFR) of the 
affected kidney can be induced by ACE inhibition in 
patients who have unilateral RAS. 

ACE inhibitor induces significant change in the time 
activity curves of the affected kidney when compared 
either with base scintigraphy before ACE ingestion or 
with the contralateral normal kidney. 

Specifically, ACE inhibitors induce renal retention of the 
radiopharmaceutical in patients who have renovascular 
hypertension because of decreased urinary output second- 
ary to reduced GFR. 

Although captopril renal scintigraphy provides physio- 
logic information, it does not provide anatomic 
confirmation of abnormal physiology and is limited in 
evaluating patients who have bilateral RAS. 
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Fig. 5.6 Renal artery stenosis. (a) Transverse color flow Doppler US measures more than 284 cm/s, suggesting moderate stenosis. (b) Axial 
demonstrates focal mosaic pattern with turbulent flow near the originof MIP MDCT angiography image shows 60 % stenosis (arrow) with 
the left main renal artery. In the region of suspected stenosis, the PSV poststenotic dilatation 
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Fig. 5.7 Renal artery stenosis. Coronal MIP (a) and volume rendering 
(b) images reveal a stenosis at the origin of the left renal artery (arrow). 
Note aortic wall calcifications and renal stones at the lower pole of the 
left kidney. (c) Diagnostic angiography before intervention confirms 
hemodynamically significant RAS (arrow) 
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Fig.5.8 Atherosclerotic RAS. 
Coronal whole-body MR 
angiography image shows 
atherosclerotic stenosis of left 
renal artery (a). Significant 
stenosis of the left renal artery 
(arrow) with renal cortical 
atrophy is seen on magnified 
image (b) 


153 


154 


Fig.5.9 Atherosclerotic RAS. 
(a) Coronal 3D gadolinium- 
enhanced MR angiography image 
shows bilateral atherosclerotic 
renal artery stenosis (arrows). (b) 
Selective renal DSA images 
obtained before endovascular 
intervention show bilateral 
high-grade stenoses (arrows) with 
poststenotic dilatation and 
confirm the diagnosis 


e The most common radiopharmaceuticals are Tc-99m 
mercaptoacetyltriglycine (MAG3 scan) or Tc-99m dieth- 
ylenetriaminepentaacetic acid (DTPA scan). 

e Technetium-99m DTPA and Tc-99m MAG 3 have bio- 
logical half-life as 6 and 2.5 h, respectively. 


Pathology 


e Atherosclerosis-related renal artery stenosis results from 
essential hypertension (benign nephrosclerosis), remote 
infarcts from aortic atheroemboli, or both. 
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In benign nephrosclerosis, the kidneys are symmetrically 
small, with granular subcapsular surfaces and thin corti- 
ces, the extent of which depends on the severity of the 
disease. The intima of the renal artery is eccentrically 
thickened, as the media acquires myointimal cells that 
deposit connective tissue components. Foamy histiocytes 
(lipid) are trapped, and fibrosis develops. The internal 
elastic lamina is not preserved in these areas. Cholesterol 
clefts and calcification indicate long-standing disease 
(Figs. 5.10 and 5.11). 
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Fig. 5.10 Muscular artery 
involved by an atheromatous 
plaque. A fibrous cap (red arrow) 
overlies the core. 
Neovascularization appears to 
have produced a secondary lumen 
(black arrow) 


Fig. 5.11 Higher power view of 
an atheromatous plaque. 
Cholesterol crystalline aggre- 
gates are indicated by the black 
arrow; the small dark cells in 
that area are lymphocytes. The 
red arrows indicate more of the 
core, consisting of lipids, cellular 
debris, fibrin, and abundant 
pale-staining macrophages 
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Fig. 5.12 Renal artery stenosis. 
Patient was a hypertensive adult 
with neurofibromatosis, who was 
found to have a stenotic renal 
artery. The renal artery specimen 
shows diffuse intimal expansion 
by neoplastic neural tissue 
(arrows) (Case courtesy of Gretta 
Jacobs, M..D) 


Fig. 5.13 Renal artery stenosis. 
Same case as shown in Fig. 5.12. 
The renal artery lumen (arrows) 

is almost entirely occluded by an 
expansile neural neoplasm (Case 
courtesy of Gretta Jacobs, M.D.) 


e Renal artery stenosis may also rarely be the result of 
intrinsic or extrinsic neoplasms (Figs. 5.12 and 5.13). 


Differential Diagnosis 


¢ The most common cause of RAA is atherosclerosis. Annular 
calcification occurs in more than 50 % of atherosclerotic 
RAAs; the differentiation between a calcified renal artery 
aneurysm and a renal calculus is especially important. 
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Abdominal bruit may be present in patients with RAS but 
can also be present in other conditions such as abdominal 
visceral arterial stenosis, arteriovenous fistula, or celiac 
artery compression syndrome. 

Scintigraphic differential diagnosis of RAS includes acute 
tubular necrosis which can present with findings similar 
to those seen with renin-mediated hypertension due to 
RAS. 
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e Patients who are poorly hydrated may demonstrate pro- 
longed parenchymal retention with decreased excretion 
of tracer and hypotension following administration of 
ACE inhibitor resulting in a false-positive interpretation 
for renovascular hypertension. 


Pearls and Pitfalls 

e Rich collateral blood flow around a high-grade stenosis or 
occlusion may obscure the diagnosis of RAS. 

e Systemic factors, such as age, hypertension, and diabetes, 
also affect vessel compliance, and peripheral vascular 
resistance may minimize development of the parenchymal 
“pulsus tardus et parvus” waveform distal to a stenosis. 
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e Peak systolic velocity of >180 cm/s in renal artery is the 
most sensitive criteria to diagnose RAS. 

e In general, MR angiography tends to overestimate the 
degree of stenosis. When atherosclerotic lesions are 
calcified or eccentric, their severity tends to be underesti- 
mated with shaded surface display when compared with 
maximum intensity projection. 

e MR angiography cannot evaluate the residual lumen 
within a metallic stent, which can be done with CT 
angiography, DSA, or Doppler US (Fig. 5.14a). 

e Other causes of secondary hypertension include renal dis- 
ease, hyperaldosteronism, pheochromocytoma; Cushing’s 
syndrome needs laboratory findings or imaging studies for 


Fig. 5.14 (a) Bilateral renal artery stents for RAS secondary to 
Takayasu arteritis. MR angiography cannot evaluate the residual lumen 
within the metallic stents, and blooming artifact gives the impression of 
bilateral occluded renal arteries with significant aortic stenosis (long 
arrows) (I). Color Doppler ultrasound of the same patient shows patent 
renal stents, and DSA image confirms the patency (short arrows) (II 
and JTI). (b) Coarctation of aorta. Spectral Doppler studies reveal bilat- 
eral pulsus tardus et parvus waveforms indicating delay in systolic 


acceleration in the right and left parenchymal renal arteries. The AT on 
the right is 110 ms, and RI on the left is 0.45 (/). These findings would 
indicate the possibility of proximal RAS. Coronal 3D gadolinium- 
enhanced MR angiography image shows coarctation of the aorta just 
after the origin of the left subclavian artery (Jong arrow). Note promi- 
nent thoracic arterial collaterals and proximal parts of the patent renal 
arteries (short arrows) (II) 
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differential diagnosis where aortic coarctation, Takayasu 
arteritis, William’s syndrome, polyarteritis nodosa, and other 
rare causes of RAS (neurofibromatosis, renal aneurysms, 
renal arteriovenous fistula, radiation injury, and extrinsic 
compression) should also be kept in mind while evaluating 
vascular imaging examinations (Fig. 5.14b). 


Fibromuscular Dysplasia (FMD) 


e The histopathological classification reflects different 


forms of the disease according to the primarily involved 
layers of arterial wall, intimal fibroplasia, medial 
fibromuscular dysplasia, and adventitial fibroplasia. 
Medial fibromuscular dysplasia is the most common and 
has three subtypes: medial fibroplasia (common), medial 
hyperplasia, and perimedial dysplasia. 

FMD may be bilateral in up to 50 % of cases and associated 
with the involvement of other aortic branches in 1-2 %. 


General Information 
e Fibromuscular dysplasia tends to occur in young to mid- 
dle aged women (<40 years) and is the most common 


Imaging 
Ultrasonography 
e Fibromuscular dysplasia is often found in younger patients, 


cause of renovascular hypertension in children and 
young adults. Among adults, FMD is more common 
among women, with a prevalence eight times higher 
compared to men. 

FMD is a correctable cause of RAS and has a propensity 
to occur in Afro-Americans. 


with female predominance. Gray scale and color Doppler 
findings of increased PSV of >180 cm/s in the distal two- 
thirds of the renal artery are suggestive of FMD. 

“String of beads” representing aneurysmal focal dilata- 
tion of the renal artery can also be seen with color flow 
Doppler (Fig. 5.15). 
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Fig. 5.15 Fibromuscular dysplasia causing RAS. (a) Oblique trans- with a PSV of 598 cm/s. (b) Angiography image obtained before inter- 
verse color flow Doppler US demonstrates focal aliasing with turbulent vention shows high-grade stenosis (arrow) with beading appearance. 
flow at the distal part of the right main renal artery far from the aorta Arterial collaterals are present proximal to the RAS 
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Fig. 5.16 Fibromuscular dysplasia causing RAS. Coronal 3D gadolin- 
ium-enhanced MR angiography image shows high-grade stenosis (near 
total occlusion) (long arrow) of the distal third of the right main renal 
artery with a distal aneurysm (arrowhead). Note previously occluded 
left renal artery (short arrow) 


Computed Tomography 

e MDCT can demonstrate a string-of-beads appearance of 
renal artery. 

Magnetic Resonance Imaging 

e MR angiography is an alternate imaging that can be used 
if MDCT is contraindicated in patients with iodine allergy 
(Fig. 5.16). 

Digital Subtraction Angiography 

e Angiography plays the pivotal role in the diagnosis as 
well as selection of the patients for treatment. 

e String-of-beads appearance of distal two-thirds of renal 
artery. 


Pathology 

e Fibromuscular dysplasia is a group of histologically dis- 
tinct lesions that have a similar clinical presentation. 
There are three general categories of fibromuscular dys- 
plasia: intimal fibroplasia, medial fibroplasia, and periar- 
terial fibroplasia. 

e Intimal fibroplasia is a circumferential intimal thickening 
in a renal artery segment with preservation of the internal 
elastic lamina. 

e Medial fibroplasia is an entity further classified into 
medial hyperplasia, medial fibroplasia with aneurysms, 
and perimedial fibroplasia. Medial hyperplasia is dis- 
organized medial smooth muscle thickening in an 
artery segment. Medial fibroplasia with aneurysms is 
commonly bilateral; there are alternating areas of 
medial thickening and thinning (“aneurysms”). In peri- 
medial fibroplasia, the outer media is replaced by 
fibrous tissue. 
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e In periarterial fibroplasia, the adventitia is replaced by 
fibrosis. This fibrosis can extend into fibroadipose tissue, 
mimicking retroperitoneal fibrosis. Thrombosis and 
infarct are potential complications of fibromuscular 
dysplasia. 


Differential Diagnosis 

e Diseases resulting in RAS are included in differential 
diagnosis such as atherosclerosis, Takayasu arteritis, 
neurofibromatosis, and midaortic syndrome. 

e Age below 35 years and involvement of distal two-thirds 
of the renal artery with string of beads are diagnostics of 
FMD. 

e Stenosis of proximal renal artery especially ostia is usu- 
ally secondary to atherosclerotic disease. 

e Aortic aneurysm, aortic dissection, renal artery dissec- 
tion, trauma, or emboli may also have clinical presenta- 
tion similar to RAS. 


Pearls and Pitfalls 

e FMD is the most common cause of renovascular hyper- 
tension in children and young adults. 

e Unlike chronic renal disease or obstructive uropathy, the 
abnormal kidney with RAS will demonstrate reduced RIs 
beyond the point of stenosis (Fig. 5.17). 

e Especially the distal two-thirds part of the renal artery is 
suggestive of FMD, “string-of-beads appearance” or even 
aneurysmal focal dilatation of the artery might also be 
detected. 


Arteriovenous Communications 


General Information 

e Arteriovenous malformations (AVMs) usually refer to the 
congenital type of malformation and are found more often 
in women. 

e Renal AVMs are very rare, with an estimated incidence of 
less than 0.04 %. The true prevalence might be higher 
because many renal AVMs remain clinically 
asymptomatic. 

e Two types of congenital renal AVMs are described. The 
cirsoid AVM is the most common type, and the cavernous 
congenital AVM is less common. 

e Congenital cirsoid AVMs consist of multiple small dilated 
arteriovenous communications with corkscrew appear- 
ance and tend to be located adjacent to the collecting sys- 
tem. Patients with cirsoid AVMs often present with gross 
hematuria. 

e Cavernous AVMs have a single dilated vessel. 

e On the other hand, acquired renal arteriovenous anom- 
alies are often termed renal arteriovenous fistulas 
(AVF) and typically have a single feeding artery and a 
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Fig. 5.17 Fibromuscular dysplasia causing RAS. (a) Parenchymal before intervention shows the proximal right renal artery lesions with 
pulsus tardus et parvus waveform with significantly reduced RI (0.33) string-of-beads appearance (arrow) and confirms the diagnosis 
is consistent with proximal high-grade stenosis. (b) Arterial DSA image 
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Fig. 5.18 Renal arteriovenous 


fistula. Spectral Doppler US Col 76% Map 1 
demonstrates high velocity, very WF Med 
low resistance flow (RI: 0.37) in PRF 1250 Hz 


feeding artery to the fistula Flow Opt: Med V 


single draining vein, both of which are markedly 
enlarged. 

e Acquired AVFs are the most common type of renal arte- 
riovenous communications and represent almost 75—80 %. 
The incidence of renal AVFs is influenced by the preva- 
lence of percutaneous renal interventions. Arteriovenous 
fistulas can result from trauma, surgery, biopsy or other 
interventions, tumors, inflammation, or erosion of an 
aneurysm directly into a vein. 

e The prevalence of AVFs is unknown, and the most frequent 
cause of AVF is complication of percutaneous renal biopsy 
with an incidence of as high as 15 %. Renal AVF after kidney 
biopsy may accompany pseudoaneurysms with hematoma. 

e AVMs and AVFs are potentially lethal conditions, but 
most of them remain small and resolve spontaneously 
within a few months. If symptomatic, the most common 
clinical manifestations of a renal arteriovenous communi- 
cations are abnormal bruit and persistent or delayed 
hematuria. Cardiomegaly or congestive heart failure 
occurs in one-half of symptomatic patients. 

e Ischemia in the renal parenchyma distal to the arterio- 
venous fistula may induce renin-mediated hypertension 
and impaired renal function. Percutaneous endovascular 
procedures are the preferred way of treatment for patients 
with symptomatic AVMs or AVFs. 


Imaging 

Intravenous Pyelography 

e AVMs usually appear as a mass lesion on a nephrogram 
especially in the medullary region resulting in filling 
defect of the collecting system. 
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The AVM may cause an irregular impression on the col- 
lecting system, and blood clots may fill and obscure a 
calyx or the renal pelvis. 

Hypoperfusion distal to the AVM may also be present, 
which manifests as a wedge-shaped defect or segmental 
non-visualization. 

TVP has some disadvantages including low sensitivity and 
specificity and radiation and contrast agent exposure. In 
almost all cases, additional radiological studies are needed. 


Ultrasonography 


Large renal AVMs and AVFs are irregular complex cystic 
structures on gray-scale ultrasound, and high-velocity 
flow pattern with focal low resistance can be recognized 
on Doppler imaging (Fig. 5.18). 

Renal AVMs and AVFs often appear as a nonspecific 
mosaic pattern with significant color aliasing reflecting 
rapid flow rate and strong vibration of soft tissue sur- 
rounding it (Fig. 5.19). 

Small-sized AVFs are usually not visible by gray-scale 
ultrasound and can be detected by color flow Doppler only. 
Spectral analysis of the arterial feeder and venous outlet 
vessels can demonstrate decreased RI and increased peak 
systolic velocities of the artery and arterialization of 
venous flow with arterial flow pattern and pulsation of the 
drainage vein (Figs. 5.18 and 5.20). 

Hypoperfusion of the surrounding soft tissue can be visu- 
alized on color or power Doppler with only a few cortical 
vessels, which implies a steal through the fistula. 


Computed Tomography 


The CT appearance of arteriovenous communications 
depends on the timing of image acquisition relative to 
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Fig. 5.19 Renal arteriovenous 
malformation. (a) Color flow 
Doppler US shows large area of 
flow in dilated vascular channels 
with significant color aliasing 
reflecting rapid flow rate and 
strong vibration of soft tissue 
surrounding it in the lower part 
of the left kidney. (b) Selective 
renal angiography. Arterial phase 
of renal angiography shows nidus 
of AVM with tortuous vessels 
and focal dense areas; fistulous 
connections between segmental 
renal arteries and veins result in 
rapid filling of the left renal vein 
and inferior vena cava at the 
early arterial phase. Note 
hypovascularity of the peripheral 
part of the kidney because of the 
steal through the arteriovenous 
communication 


intravenous contrast material administration, the amount 
of contrast material, and the injection rate. Early arterial 
filling of irregular renal parenchymal vessels with quick 
venous outflow is suggestive of arteriovenous com- 
munication. 

e With MDCT scanners and bolus infusion, detailed 
anatomic and functional information can be obtained 
and can lead to the accurate diagnosis of renal 
AVMs. 
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Contrast-enhanced MDCT performed during the arterial 
and early cortical nephrographic phases is valuable in 
detection of an intraparenchymal vascular mass with feed- 
ing and draining vessels, which are usually engorged. 
There is prompt filling of the draining veins as well as the 
renal vein and IVC immediately after enhancement of the 
arteries. 

A focally diminished nephrogram with or without corti- 
cal atrophy distal to an arteriovenous fistula may be seen 
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Fig. 5.20 Renal arteriovenous 
fistula. Spectral Doppler US 
shows arterialization of venous 
flow with arterial flow pattern 
and pulsations of the lobar 
drainage vein of the right kidney 


Col 76% Map 1 
WF Med 


at MDCT; this appearance is most likely due to the 
decreased flow to the renal segment because of the 
shunt. 

When an arteriovenous communication bleeds, an intra- 
parenchymal subcapsular or perinephric hematoma may 
be present. 


Magnetic Resonance Imaging 


Non-contrast-enhanced conventional MRI can demonstrate 
vascular malformations as signal void on spin-echo imaging 
and bright signal on gradient echo sequences; thus, MRI 
can be performed in patient with poor renal function. 

In addition to defining the precise localization and extent 
of vascular malformations, dynamic contrast-enhanced 
MR images can provide information about the hemody- 
namics of vascular lesions. 

Arterial phase contrast-enhanced MRI demonstrates 
abnormal vessels with an early draining vein, which is 
typical for arterial venous shunting. 

MR angiography of an AVM demonstrates rapid contrast 
visualization in the inferior vena cava within seconds 
because of the rapid shunting of blood from the arterial 
system to the venous system. 


Nuclear Scintigraphy 


Tc-99m DTPA renal scintigraphy can also be per- 
formed before and after transcatheter coil emboliza- 
tion for patients with renal arteriovenous fistula or 
malformation. 

Before embolization, scintigraphy may show a charac- 
teristic accumulation pattern compatible with the hemo- 
dynamics of an arteriovenous communication in the 
vascular phase. 

After embolization, the effects of treatment, such as a 
change in the split renal function on the treated side 
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and the disappearance of the shunt flow through the 
arteriovenous fistula or malformation, are usually 
evident. 


Pathology 


An arteriovenous malformation is a rare congenital lesion 
in which there are multiple points of communication 
between an artery and vein, most commonly occurring in 
the renal medulla and collecting system. 

Conversely, a fistula is an acquired lesion that consists of 
a single point of communication, most commonly occur- 
ring secondary to surgery or trauma. 


Differential Diagnosis 


Renal AVMs may mimic neoplasms on US. Differentiation 
may be possible with demonstrating typical Doppler pat- 
tern of AVMs. 

AVMs near collecting system may result in a filling defect; 
therefore, differentiation from transitional cell carcinoma 
is important. 


Pearls and Pitfalls 


Congenital cirsoid AVMs tend to be located adjacent to 
the collecting system. Patients with cirsoid AVMs often 
present with gross hematuria. 

Small-sized AVFs are usually not visible by gray-scale 
ultrasound and can be detected by color flow Doppler 


only. 
Renal AVMs may result in _ renin-mediated 
hypertension. 


Perivascular vibration artifact on color flow Doppler US 
may not allow an accurate evaluation of the feeding and 
draining vessels. 
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Fig. 5.21 Renal artery 
aneurysm. (a) Gray-scale US 
shows a large anechoic cystic 
structure resulting in mass 
effect on the left renal hilum. 
(b) Color Doppler imaging 
depicts RAA with characteris- 
tic “yin yang pattern” of flow 


Angiographic embolization of renal arteriovenous com- 
munications is indicated when hypertension, congestive 
heart failure, and/or hematuria occurs. 


Renal Artery Aneurysms 


General Information 


Renal artery aneurysms (RAA) account for 22 % of visceral 
aneurysms. Based on autopsy studies, the incidence rate of 
RAA is 0.01 %. However, selected patients who undergo 
renal arteriography have an incidence rate of 0.3-1 %. 
Renal artery aneurysms often contain mural thrombus 
that may result in emboli to kidney. 

RAA have high incidence of rupture in pregnancy and 
may present with retroperitoneal hemorrhage. 
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Hypertension is present in 70 % of patients with renal 
artery aneurysm. 

Causes of RAA are summarized in Table 5.4. 
Asymptomatic RAAs may seem benign, but the potential 
for rupture and fistulization increases with 
Asymptomatic patients can be referred for elective repair, 
but if patients are symptomatic, further investigation with 
possible endovascular or surgical intervention should be 
considered. 


size. 


Imaging 
Intravenous Pyelography 


If renal aneurysm is intrarenal, a nonspecific finding of 
round dense mass lesion may be observed on the neph- 
rogram images with compression of the collecting 
system. 
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Ultrasonography 

e Gray-scale US demonstrates an anechoic well-defined 
intra- or extrarenal cystic lesion (Fig. 5.21). Color 
flow Doppler examination will demonstrate complete 
filling of these anechoic lesions, confirming them to be 
aneurysms. 

e Mural thrombus in the aneurysm may be seen as a 
hypoechoic layer near the vessel wall, and color flow 
Doppler imaging may be helpful for the confirmation of a 
thrombosed RAA (Fig. 5.22). 

e Renal artery aneurysms demonstrate “yin and yang pat- 
tern” of flow on Doppler examination (Fig. 5.21b). 

e Calcification of aneurysm wall might obscure RAA on 
US examination because of posterior acoustic shadowing, 
but arterial pulsations of the calcified aneurysm wall may 
influence suspicion. 


Table 5.4 Renal artery aneurysm types 


Main renal branch, first Medial fibroplasia and 
Saccular bifurcation atherosclerosis 
Fusiform Not calcified Medial fibroplasia 
Dissecting Main renal artery/segmental Traumatic, iatrogenic, or 

branches spontaneous (atheroscle- 

May be calcified rosis, intimal fibroplasia, 

perimedial fibroplasia) 

Intrarenal Parenchymal Arteritis (polyarteritis 


nodosa, Wegener’s 
granulomatosis, 
Kawasaki disease), 
trauma, atherosclerosis, 
fibroplasia, vascular 
malformations, syphilis, 
tuberculosis, tumors 


May be pseudoaneurysms 


Fig.5.22 Renal artery 
aneurysm. Transverse color flow 
Doppler US shows a thrombosed 
RAA (arrow) with a diameter of 
26 mm detected while evaluating 
the course of the renal artery 


e Stenosis of the renal artery might accompany RAAs espe- 
cially in patients with FMD (Fig. 5.23). 

e Intrarenal small RAAs can be seen in arteritis such as pol- 
yarteritis nodosa (PAN) and might mimic small renal 
cysts. It is mandatory to check suspicious renal cystic 
structures with color flow Doppler imaging in order to 
exclude parenchymal RAAs. 

e The small aneurysms in PAN may rupture and produce 
intrarenal, subcapsular, or perinephric hematoma clearly 
seen on US examination. Renal ischemia commonly 
occurs in PAN as a result of involvement and stenosis of 
medium-sized vessels (Fig. 5.24). 

e Small aneurysms with areas of peripheral hypoperfusion 
are usually demonstrated by color and power Doppler imag- 
ing. The kidneys may also appear lobulated with irregular 
thinning of the parenchyma due to prior cortical infarcts. 

Computed Tomography 

e For RAAs, MDCT angiography has diagnostic accuracy 
similar to that of conventional angiography . 

e RAA calcifications are readily evident along the wall and 
typically appear as an incomplete or complete ring of 
calcification or as a series of rings. 

e After administration of contrast material, variable 
enhancement occurs, depending on the amount of mural 
thrombus within the aneurysm. 

e Peripheral renal infarcts secondary to emboli from mural 
thrombus in the aneurysm may be seen at contrast- 
enhanced CT. 

e Small intraparenchymal aneurysms of PAN may easily be 
seen at contrast-enhanced CT occasionally with intrare- 
nal, subcapsular, or perinephric hematoma and areas of 
infarction of different ages (Fig. 5.25). 
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Fig. 5.23 Renal artery aneurysm with fibromuscular dysplasia. irregularity. (b) DSA demonstrates stenosis of renal artery (long 
(a) Color flow Doppler image reveals narrowing of the distal thirdof arrow and short arrow) with distal aneurysm of the right renal artery 
the right main renal artery with significant distal dilatation and (short arrow) 
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Fig. 5.24 Ruptured aneurysms 
of PAN. (a) Gray-scale US 
shows small aneurysms of PAN 
(short arrows) with intrarenal, 
subcapsular, and perirenal 
hematoma (long arrows). 

(b) Arterial DSA obtained 
before embolization demon- 
strates multiple small aneurysms 
and a large one with areas of 
peripheral hypoperfusion. The 
lower pole of the kidney is 
lobulated because of extrinsic 
compression from perirenal 
hematoma 


Magnetic Resonance Imaging 


e MR angiography is helpful in evaluating the aneurysm 
type, its anatomical characteristics, size, and relationship 
to other vascular structures (Fig. ). 

e MR imaging may also demonstrate other features such as 
diminished renal function related to aneurysm, renal 


2D Opt:Res 
Fr Rate:High 
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artery stenosis, dissection, parenchymal ischemia, or 
mural thrombus. 

Nuclear Scintigraphy 

e Renal scintigraphy does not provide detailed anatomic 
information and is limited in its role to evaluate renal 
artery aneurysms. 
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Fig. 5.25 Ruptured parenchymal aneurysms of PAN. (a) Arterial 
phase axial CT image shows small intraparenchymal aneurysms of 
PAN (long arrows) with intrarenal, subcapsular, and perinephric hema- 
toma (arrowheads) and areas of infarction of different ages (short 
arrows). (b) Arterial DSA obtained before intervention demonstrates 
aneurysms with irregular contours (arrows) and areas of infarction 
(arrowheads) 
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Fig. 5.26 Renal artery aneurysm. (a) Coronal oblique 3D gadolinium- 
enhanced MR angiography image shows two concomitant RAAs 
(arrows) of the left renal artery. (b) Selective left renal DSA image 
obtained before endovascular intervention confirms the diagnosis and 
demonstrates exactly the same aneurysmal morphological characteris- 
tics (arrows) 
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Pathology 

e An aneurysm is a localized blood-filled dilation of a blood 
vessel. In true aneurysms, the vessel wall protrudes out- 
ward but remains intact; they can be congenital or 
acquired. In a false aneurysm (pseudoaneurysm), the wall 
ruptures and blood pools, but remains confined next to the 
vessel by the surrounding tissue; they are usually the 
result of trauma. 

e There are three general categories of aneurysms: saccular, 
fusiform, and intrarenal. 

e Saccular aneurysms are congenital and occur at the bifur- 
cation of the main renal artery or branch points of its seg- 
ments. They commonly show arteriosclerosis or 
calcification. Those that do not calcify are at risk for 
development of an arteriovenous fistula. 

e Fusiform aneurysms are acquired and occur distal to 
renal artery stenosis, notably from fibromuscular 
dysplasia. 

e Intrarenal aneurysms are false aneurysms, stemming from 
a wide variety of causes. Rarely, dissecting aneurysm of 
the aorta may extend distally far enough to involve one or 
both renal arteries (Fig. 5.27). 


Differential Diagnosis 

e Intrarenal small RAAs can be seen in arteritis such as pol- 
yarteritis nodosa (PAN) and might mimic small renal 
cysts. 

e Vascular lesions, such as renal artery aneurysm, arterio- 
venous communication, or renal vein varix, can involve 
the renal sinus and manifest as a parapelvic or peripelvic 
lesion. Their vascular nature can be demonstrated at color 
flow Doppler US, contrast-enhanced CT or MR imaging, 
and angiography. 

e Gray-scale US examination of perirenal and especially 
intraparenchymal cysts includes differential diagnosis of 
RAAs. Renal artery aneurysms may be reported incor- 
rectly as parapelvic cysts on abdominal US; their vascular 
nature can be demonstrated by color flow Doppler US 
examination (Fig. 5.21). 


Pearls and Pitfalls 

e Arenal artery aneurysm is defined as a dilated segment of 
renal artery that exceeds twice the diameter of a normal 
renal artery. 

e Hypertension is present in 70 % of patients with renal 
artery aneurysm. 

e Stenosis of the renal artery might accompany RAAs 
because of the compressive location of an aneurysm or 
just because of the etiology (FMD, arteritis). 

e Endovascular or surgical repair may be required when 
imaging studies show interval growth of an RAA; aneu- 
rysm is associated with diminished renal function, isch- 
emia, hypertension or dissection, and mural thrombus 
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Fig. 5.27 Dissecting aneurysm involving renal artery. A large amount 
of blood occupies a space between the inner two-thirds and the outer 
third of the media, compromising the caliber of the arterial lumen (Case 
courtesy of Gretta Jacobs, M.D.) 


causing peripheral embolization; or an aneurysm occurs 
in a woman of childbearing age. 


Renal Infarction 


General Information 

e Renal infarction occurs in a variety of clinical settings 
(Table 5.5). The most common cause is thromboembolic 
event from cardiovascular disease, and the most common 
clinical presentation is sudden onset of flank or back pain. 
Patients may present with hematuria, proteinuria, fever, 
and leukocytosis. 

e Small infarcts are usually asymptomatic, and large infarcts 
produce flank pain, hematuria, and hypertension. 

e Angiography, renal scintigraphy, IVP, US, and enhanced 
CT may be useful in diagnosing acute renal infarction. 


Imaging 

Intravenous Pyelography 

e Renal infarction results from occlusion of the main renal 
artery or lobar branches. IVP demonstrates a nonspecific 
finding of absent or delayed nephrogram. 

Ultrasonography 

e The parenchymal appearance depends on the size of the 
embolus, the location of the arterial occlusion, and its 
age. 

e Cortical infarcts are peripheral and wedge shaped in 
appearance. Cortical infarcts appear hypoechoic on gray- 
scale US. Chronic infarcts result in renal scars. 

e Color flow and power Doppler US imaging demonstrate 
absence of blood flow in cortical infarcts (Fig. 5.28). 
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Focal cortical infarcts exhibit no significant mass effect 
on the contour of the kidney or the surrounding 
structures. 

In global renal infarct, increase in renal size and decreased 
echogenicity of renal parenchyma may be seen. Highly 


Table 5.5 Causes of renal infarction 
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Fig. 5.28 Segmental renal 
infarct. Power Doppler US image 
demonstrates a sharply demar- 
cated area of non-perfused 
parenchyma in the posterior 
aspect of the upper pole of right 
kidney 
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Thromboembolism 

Thrombus in the left side of the heart or aorta 

Partially thrombosed aneurysm of the aorta or renal artery 
Atherosclerosis 

Septic emboli of subacute bacterial endocarditis 

Trauma 

Avulsion of the renal artery 

Occlusion of the renal artery 

Penetrating vascular injury 


. Iatrogenic 

. Transcatheter embolization 
. Endovascular interventions 
. Dissection of the aorta or renal artery 
. Vasculitis 

. Polyarteritis nodosa 

. SLE 

. Drug-induced vasculitis 

. Kawasaki disease 

. Behget’s disease 

. Henoch-Schonlein purpura 
. Hypercoagulability 

. Paraneoplastic syndrome 

. Polycythemia vera 
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echogenic and thickened perirenal fascia detected on US 
without demonstrable abnormality of renal parenchyma 
was also reported. Color flow Doppler US reveals com- 
plete absence of blood in renal parenchyma. 


Computed Tomography 


ea s N 7 7 | 


Contrast-enhanced CT readily demonstrates absence of 
enhancement in the affected renal tissue. 

On arterial phase contrast CT, acute infarcts typically 
appear as wedge-shaped areas of decreased attenuation 
within an otherwise normal-appearing kidney (Fig. 5.29). 
On delayed phase (nephrographic phase), they demon- 
strate some enhancement. 

In global renal infarct, whole kidney is involved. These 
global infarcts result from trauma, renal artery dissec- 
tion, thrombosis, or invasion of renal vein by tumors 
such as RCC. In global infarct, kidney is swollen due 
to edema, and its configuration is preserved 
(Fig. 5.30). 

Preserved blood flow via capsular collateral vessels to a 
rim of residual functioning subcapsular nephrons has 
been termed the “capsular” or “cortical” rim sign. The 
cortical rim sign usually appears several days after onset 
of the infarction. After the acute phase of renal infarction, 
atrophy begins. The infarcted tissue contracts, leaving a 
cortical scar. 

The extent and degree of parenchymal loss reflect the dis- 
tribution of the affected artery and revascularization from 
collateral circulation. Perinephric manifestations are 
uncommon. 
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Fig. 5.29 Segmental renal 
infarct. (a) Axial contrast- 
enhanced CT image shows a 
well-demarcated (arrowhead) 
area of decreased attenuation in 
the posterior lower pole of the 
left kidney (arrow). (b) Power 
Doppler imaging further 
confirms it 
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Fig. 5.30 Global renal infarct after total occlusion of the left renal 
artery. (a) Contrast-enhanced MDCT scan shows abrupt termination of 
the proximal left main renal artery (arrow) without a nephrogram; the 
entire kidney is affected, and its configuration remains preserved, 
findings consistent with renal artery occlusion and total infarction. (b) 
Coronal MIP image shows upper pole capsular collaterals perfusing 
only a small area of the globally infarcted left kidney (arrow) 
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Magnetic Resonance Imaging 


Both CT and MR imaging are accurate in assessing the 
viability of renal parenchyma in case of renal infarction 
(Fig. 5.31). 

Magnetic resonance images of renal infarction usually 
reveal low signal intensity on both T1- and T2-weighted 
images, which is due to lack of blood perfusion in the early 
phase and organization of the infarcts in the late phase. 
There is no routine need for intravenous contrast 
medium in MR imaging while assessing renal 
infarction. 

Magnetic resonance imaging can differentiate renal 
infarction from ischemia. MRI can determine the degree 
of injury and the status of renal parenchyma and infarc- 
tion exactly. 


Nuclear Scintigraphy 


Tc99m-dimercaptosuccinic acid (DMSA) scintigraphy 
may show a triangular cortical defect for an isolated 
infarct. In case of massive infarction, 99mTc-diethylene- 
triaminepentaacetic acid (DTPA) scan may reveal a 
remarkable decline in the glomerular filtration rate and 
almost no uptake in the kidney. 
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Fig. 5.31 Global renal infarct. 
Contrast-enhanced MR (a) and 
contrast-enhanced CT (b) both 
demonstrate complete occlusion 
of the left renal artery and almost 
total infarction of the left kidney. 
A splenic infarct is also present 


Fig. 5.32 Renal infarct, global. 
Kidney was noted to be 
nonviable several days after an 
extensive abdominal surgical 
procedure for treatment of 
cancer. The kidney is diffusely 
hemorrhagic but not engorged 
with blood, consistent with renal 
arterial occlusion, rather than 
renal vein thrombosis (see 

Fig. 5.43) (Image courtesy of 
Christine Lemyre) 


Pathology 


e The kidney, having an end-artery blood supply, is suscep- 


tible to infarction due to renal artery occlusion. 
Infrequently, the main renal artery may be acutely 
occluded, by trauma, acute transplant rejection, surgical 
misadventure, or dissecting aneurysm, resulting in global 
renal infarction (Figs. 5.32 and 5.33). 
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The great majority of renal infarcts are the result of renal 
artery emboli, sources of which include atrial thrombi, 
heart valve vegetations (e.g., infective endocarditis), and 
most commonly, atherosclerotic plaques in the aorta. 
The caliber of the renal vessel occluded can be inferred 
by the size of the infarct: involvement of the interlobular 
arteries produces the smallest infarcts, while that of the 
segmental arteries produces larger infarcts. 
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Fig. 5.33 Renal infarct, global. 
Section from an infarcted 
transplanted kidney that 
underwent hyperacute rejection. 
Ghostly outlines of glomeruli, at 
left, and tubules, at right, are 
still recognizable. No viable 
renal tissue was present in the 
entire specimen (Case courtesy 
of Gretta Jacobs, M.D.) 
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e Likewise, the severity of the clinical presentation depends 
on the size of the infarct. Acute infarcts show a sharply 
demarcated zone of cortical necrosis; the margin of which 
is hemorrhagic and contains neutrophils and macrophages 
(Fig. 5.34). 

e Infected emboli may cause pyelonephritis or abscess for- 
mation (Fig. 5.35). 

e Remote (old) infarcts appear as depressed cortical scars. 


Differential Diagnosis 

e Differential diagnosis of acute renal infarction includes 
pyelonephritis, or a renal scar. 

e Focal pyelonephritis would be considered for the differ- 
ential diagnosis of renal infarction; CT imaging is usually 
helpful to identify the round unenhanced area of pyelone- 
phritis or wedge-shaped infarction. 

e CT and MR imaging of renal infarction show an area of 
non-corticomedullary differentiation, and renal ischemia 
can be visualized as an ill-defined focus in the renal cortex. 


Pearls and Pitfalls 
e Acute infarcts typically appear as wedge-shaped areas of I 
decreased attenuation within an otherwise normal-appearing ROTTEN Tm ee | 


kidney. 
M ical i : echis ch ee lobal Fig. 5.34 Renal infarct, segmental. The pale and focally hemorrhagic 
e The cortical rim sign which is characteristic for glo region in the upper pole of this autopsy kidney is an infarct, caused by 


renal infarct on CT and MRI usually appears several days vascular occlusion by a fragment of embolic material from a distant 
after onset of the infarction. site; such emboli are often secondary to bacterial endocarditis (From 


e Hemorrhage in the renal infarct appears hyperechogenic MacLennan GT and Cheng L; Atlas of Genitourinary Pathology. New 
on US York: Springer; 2011. Reprinted with permission) 
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Fig. 5.35 Septic renal emboli. 
Autopsy section from a diabetic 
man who developed a mitral 
valve ring abscess which shed 
septic emboli infected with 
S. aureus to brain, heart, 
kidneys, gastrointestinal tract, 
and kidneys. Bacterial j 
overgrowth is evident in tubules ' sibs l. , 
and interstitium at right and in Pi A UE D 
(FP) 


several glomeruli at left 


See 
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Table 5.6 Causes of renal vein thrombosis 
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. Nephrotic syndrome 
. Membranous glomerulonephritis 


Membranoproliferative glomerulonephritis 
Tumor 


. Renal cell carcinoma 

. Transitional cell carcinoma 
. Wilms tumor 

. Adrenal carcinoma 

. Inherited hypercoagulability 
. Antithrombin III deficiency 
. Protein C deficiency 

. Protein S deficiency 

. SLE 

. Dehydration 

. Compression 

. Trauma 

. Abscess 

. Aneurysm 

. Hematoma 


Renal Vein Thrombosis 


General Information 


In adults, it commonly appears in association with renal 
disease (glomerulonephritis, nephrotic syndrome, sys- 
temic lupus erythematosus, diabetes mellitus, and follow- 
ing renal transplantation) (Table 5.6). 

The clinical manifestations of renal vein thrombosis 
depend on the age of the patient, underlying disease pro- 
cess, and the speed with which it occurs. A classic acute 
presentation includes gross hematuria, flank pain, and 
loss of renal function. 

Radiological signs vary according to the speed of onset 
and degree of occlusion of the renal vein. In acute phase, 
kidney is usually enlarged. 

Renal vein thrombosis associated with tumor is frequently 
caused by direct tumor extension and occurs most com- 
monly in cases of renal cell carcinoma and occasionally 
in cases of transitional cell carcinoma, Wilms tumor, or 
adrenal tumors. Left ovarian vein thrombosis may also 
extend into the left renal vein. 
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Imaging 
Intravenous Pyelography 


Acute complete venous occlusion results in diminished 
and prolonged nephrogram with non-visualization of the 
collecting system. 

Renal vein thrombosis causes structural changes, such as 
enlargement of the edematous kidney, dilatation of the 
renal vein due to the thrombus, and the development of 
collaterals. 

In chronic renal vein thrombosis, usually the affected 
kidney becomes atrophic with calcifications of the renal 
parenchyma, the renal vein, or the inferior vena cava. 
Chronic renal vein thrombosis may lead to the develop- 
ment of varicosities. These varicosities may cause inden- 
tations of the ureter on IVP examination. 


Ultrasonography 


Gray-scale US findings are usually nonspecific; renal 
enlargement with decreased echogenicity and loss of cor- 
ticomedullary differentiation combined with hyperechoic 
streaks throughout the kidney in early stages of renal vein 
thrombosis might be followed by increased cortical 
echogenicity. 

Color flow Doppler US imaging may show enlarged renal 
vein with thrombus within its lumen with absence of 
blood flow within it or only a partial flow. 

Renal artery spectral Doppler evaluation demonstrates rever- 
sal of diastolic blood flow in patients with RVT. This rever- 
sal of diastolic blood flow can also be seen in patients with 
acute tubular necrosis (ATN) and acute rejection of renal 
transplant. Demonstration of patency of renal vein suggests 
ATN and acute rejection. Patients with ATN show normal- 
ization of blood flow in the renal artery with disappearance 
of diastolic reversal on follow-up examinations, and patients 
with acute rejection do not show any change (Fig. 5.36). 

In subacute-chronic phase, recanalized renal vein might 
be detected at the renal hilum (Fig. 5.37). 

Renal vein thrombosis secondary to tumor invasion is com- 
mon in patients with renal cell carcinoma (RCC), and color 
flow Doppler US can accurately show tumor thrombus in 
renal veins. Presence of arterial flow within renal vein throm- 
bus is suggestive of tumor thrombus (Fig. 5.38). Bland throm- 
bus in renal vein does not demonstrate blood flow within it. 
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Fig.5.36 Acute tubular 
necrosis (ATN). Longitudinal 
color flow Doppler images of the 
transplant kidney demonstrate 
reversal of diastolic flow in the 
renal artery (a) and patent renal 
vein (b) 
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Fig. 5.37 Renal vein thrombo- 
sis. Color flow Doppler US 
imaging shows partially 
recanalized thrombus (arrow) 
within the left renal vein. Note 
the thickening of the renal vein 
and increased echogenicity of 
the left kidney (arrowheads) and 
surrounding ascites 
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Fig. 5.38 Renal vein thrombo- 
sis with advanced renal cell 
carcinoma. (a) Intraoperative 
gray-scale US with high 
frequency probe shows 
hypoechoic clot filling the left 
renal vein (long arrows) (J). 
Color flow Doppler US shows 
arterial flow (short arrow) within 
renal vein thrombus as a sign of 
tumor thrombus. Note collateral 
flow around renal vein (//). (b) 
Preoperative contrast-enhanced 
dynamic T1-weighted MR 
image at the level of the left 
renal hilum shows left RCC 
(short arrows) with tumor 
thrombus extending into the left 
renal vein (long arrow) 
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Computed Tomography 


Contrast-enhanced CT can be used to diagnose renal vein 
thrombosis (Fig. 5.39). The sensitivity and specificity of 
CT angiography are almost 100 %. 

It can also demonstrate additional related pathologies 
associated with RVT (Fig. 5.40). 

Contrast-enhanced CT usually demonstrates a filling 
defect within the renal vein in arterial phase with or with- 
out extension into the IVC. Multiplanar images can out- 
line the whole extent of the thrombus. It is especially 


important in cases of tumoral thrombus to define the 
cephalad extent of the tumor. The extent of the tumor in 
TVC determines the surgical approach. 

Enlargement of the ipsilateral kidney, increased renal vein 
size, edema in the renal sinus and perinephric space; thicken- 
ing of renal fascia; delayed, diminished, or absent opacification 
of the collecting system; and coarse striations of a diminished 
prolonged nephrogram may be present on CT examination. 
In the chronic phase of renal vein thrombosis, the affected 
renal vein becomes attenuated due to retraction of the clot 


5 Vascular Disorders of the Kidney 


Fig. 5.39 Acute renal vein thrombosis. Contrast-enhanced CT image 
obtained during the venous phase shows partial thrombus (arrows) in 
right renal vein extending into the IVC. Left kidney is slightly 
malrotated 


Fig. 5.40 Tumor thrombus of the left renal vein. Contrast-enhanced 
CT image obtained during the nephrogram phase shows malignant left 
adrenal gland tumor (short arrow) invading the left renal vein and 
extending into the IVC (/ong arrows). Note retroperitoneal venous col- 
laterals (arrowheads) 


along with development of extensive collateral vessels along 
the proximal to middle ureter and around the kidney. 

Magnetic Resonance Imaging 

e Magnetic resonance angiography produces high contrast 
images of venous blood flow, renal vein walls, and kid- 
neys and the surrounding tissues. 

e Anatomic variations, vessel displacement, collateral cir- 
culation, and neoplastic vessel infiltration can be demon- 
strated accurately by MRI (Fig. ). 
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Fig. 5.41 Renal vein thrombosis secondary to renal tumor. (a) 
Transverse MR image shows a large right renal tumor (short arrows) 
with tumoral invasion of the right renal vein (long arrows). (b) 
Transverse dynamic contrast-enhanced MR image shows the tumor 
(long arrows), compressed renal parenchyma (arrowheads), and vascu- 
lar enhancement of tumor thrombosis (short arrows) 


e Multiplanar reconstruction images generated from source 
MR angiography data may be useful in demonstrating 
extension of tumor thrombus. 

e Delayed MRI scans may also improve visualization of the 
IVC and thrombus (Fig. J 

Nuclear Scintigraphy 

e Tc-99m diethylenetriaminepentaacetic acid (DTPA) renal 
scan may show delayed clearance of the tracer. Venographic 
phase of Tc-99m mercaptoacetyltriglycine (MAG3 scan) 
is particularly useful but is nonspecific. 


Pathology 

e Renal vein thrombosis most commonly results from the 
hypercoagulable state that develops in patients with neph- 
rotic syndrome. 

e Anacute event shows marginating neutrophils within dilated 
glomerular capillaries and interstitial edema. The thrombus 
eventually becomes organized into the wall of the vein. 
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Fig. 5.42 Renal vein and IVC 
thrombosis. Venography image 
shows a large filling defect 
within the IVC at the level of 
right renal vein (arrows). Right 
renal vein could not be 
demonstrated, and a vena cava 
filter was placed (a). Delayed 
MRI image improves visualiza- 
tion of the IVC, thrombus 
(black arrow), and MR 
compatible vena cava filter 
(white arrow) (b) 


Renal vein thrombosis is also associated with exten- 
sion of renal cancer into the renal vein, transplantation, 
Behcet’s syndrome, dehydration, and hypercoagulable 
states, including factor V Leiden mutation-associated 
hypercoagulability of pregnancy, which may contrib- 
ute to renal thrombosis in neonates (Fig. 5.43). 


Differential Diagnosis 


Renal vein thrombosis is a rare but serious complication 
of many systemic disorders and should always be included 
in the differential diagnosis of flank pain and hematuria. 


Pearls and Pitfalls 


The right renal vein is short and may be multiple. Renal 
vein thrombosis is more common on the left side, pre- 
sumably because of the longer left renal vein. 

The presence of venous Doppler signals within the renal 
vein does not exclude the diagnosis of an isolated intra- 
parenchymal renal venous thrombosis. 

Nutcracker syndrome is the compression of left renal vein 
between the abdominal aorta and superior mesenteric 
artery in slim patients. Cut-off levels for ratio of antero- 
posterior diameter of left renal vein as 5.0 and peak flow 
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velocity at distal and aorto-mesenteric compression seg- 
ment as 4.1 have been described as diagnostic criteria for 
nutcracker phenomenon (Fig. 5.44). 


Fig. 5.43 Bilateral renal vein thrombosis in a neonate. Both kidneys 
are massively distended by clotted blood. This occurrence in neonates 
is sometimes attributed to maternal factor V Leiden mutation, which 
can cause hypercoagulability during pregnancy (Image courtesy of 
Raymond Redline, M.D.) 
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Fig.5.44 Nutcracker syndrome. Gray-scale US image shows the compression 
of left renal vein (LRV) between the abdominal aorta (a) and superior mesen- 
teric artery (SMA). Spectral Doppler US measurements reveal significantly high 


Suggested Reading 


Dong Q, Schoenberg SO, Carlos RC, Neimatallah M, Cho KJ, Williams 
DM, Kazanjian SN, Prince MR. Diagnosis of renal vascular disease 
with MR angiography. Radiographics. 1999;19:1535-54. 

Hélénon O, el Rody F, Correas JM, Melki P, Chauveau D, Chrétien Y, 
Moreau JF. Color Doppler US of renovascular disease in native kid- 
neys. Radiographics. 1995;15:833—54. 


183 


SV Angle 60° 
Dep 3.8 cm 
Size 1.0 mm 

Freq2.5 MHz 

WF Low 

Dop 65% Map 

PRF 8333 Hz 


ratio of peak flow velocity at the distal part of the left renal vein and aorto- 
mesenteric compression segment (b). Axial CT image confirms gray-scale US 
findings (c) P Pancreas, V Vertebra, VCI Inferior vena cava, A Aorta 


Kawashima A, Sandler CM, Ernst RD, Tamm EP, Goldman SM, 
Fishman EK. CT evaluation of renovascular disease. Radiographics. 
2000;20:1321—40. 

Lockhart ME, Robbin ML. Renal vascular imaging: ultrasound and 
other modalities. Ultrasound Q. 2007;23:279-92. 

Moukaddam H, Pollak J, Scoutt LM. Imaging renal artery stenosis. 
Ultrasound Clin. 2007;2:455-75. 

Zubarev AV. Ultrasound of renal vessels. Eur Radiol. 2001;11: 
1902-15. 


Medical Renal Disease 
and Transplantation Considerations 


Suha Sureyya Ozbek and Gregory T. MacLennan 


Medical Renal Diseases 
Introduction 


Owing to its high blood flow rate and pivotal function in 
human physiology, many disease processes affect kidney and 
its performance. Although many prerenal, renal, or postrenal 
pathology have influences on renal parenchyma and cause 
disorders, medical renal diseases consist of mostly intrinsic 
parenchymal disorders. Renal parenchyma comprises three 
basic components, namely, glomerular, tubulointerstitial, 
and vascular compartments. It has been reported that the dis- 
ease processes limited to glomerular component, constitut- 
ing only 8 % of the renal parenchyma, have no or minimum 
effect on radiological parameters. On the other hand, pathol- 
ogies having primary or secondary (late in the course of 
glomerular diseases) impact on tubulointerstitial and/or vas- 
cular compartments result in changes especially in gray-scale 
and Doppler sonographic parameters which have been 
reported to be sensitive to some of histopathological changes. 
Renal cortical echogenicity is reported to be determined pri- 
marily by tubular atrophy and interstitial inflammation and is 
the sonographic parameter with the strongest correlation to 
renal histopathology. Likewise, resistive index (RI) and pul- 
satility index (PI) values of intrarenal arterial Doppler evalu- 
ation have been shown to be positively correlated to the 
amount of arteriolosclerosis, glomerular sclerosis, edema, 
and interstitial fibrosis. They are typically found to be high in 
the disorders of tubulointerstitial and vascular compartments 
while usually remain within in normal range in diseases 
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confined to the glomerular component. However, the imag- 
ing approach and differential diagnosis of medical renal dis- 
eases are not so easy and clear-cut in most of the cases. The 
main problem originates from the fact that most of the medi- 
cal renal diseases affect more than one parenchymal com- 
partment at some stage of the process. Thus, this interrelation 
turns the whole imaging data into nonspecific stuff of infor- 
mation, and only rarely they can be of real use in clinical 
practice. 


Imaging Findings and Pathological Features 
Glomerular Disease 


General Information 

e Glomerular compartment is affected in many inflammatory 
or noninflammatory disease processes, causing glomeru- 
lar permeability and structure and function disorders. 

e The hallmark of glomerular diseases is proteinuria. 

e Glomerular diseases mainly consist of processes with an 
immune pathogenesis, which are grouped under the term 
of glomerulonephritis (GN) such as minimal change dis- 
ease, focal segmental glomerulosclerosis, poststreptococ- 
cal GN, and membranoproliferative GN. 

e Although GN comprises the majority of glomerular dis- 
eases, it must be remembered that diabetic nephropathy, 
renal amyloidosis, and hereditary nephropathies are also 
accepted as forms of glomerular disease. 

e Macroscopic hematuria caused by glomerular disease is 
mostly observed in childhood and adults younger than the 
age of 40 years. 

e Likewise, nephrotic syndrome related to minimal change 
disease is predominantly observed in childhood but can 
occur at any age. 

e Focal segmental glomerulosclerosis is more prevalent 
among African Americans. This disease is becoming 
more common, while the membranoproliferative GN is 
diagnosed rarely in adults. 
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e Glomerular injury which occurs in severe forms of 
immune-complex GN, vasculitis, and anti-glomerular 
basement membrane disease (Goodpasture’s disease) may 
lead to inflammatory collections of cells in Bowman’s 
space, which are called crescents. Crescents destroy, 
increase in size, occlude the glomerular tuft, and cause 
irreversible renal functional loss. 


Imaging 

Plain Film Radiography 

e Normal, increased (in acute severe GN and some forms of 
nephrotic syndrome) or diminished (chronic GN) renal size 

Ultrasonography 

e Renal size: 

— Often in normal range. 

— Bilaterally enlarged kidneys may be found in some 
cases of nephrotic syndrome and acute stage GN. 

— Bilateral small kidneys indicate chronic and severe 
loss of renal function and limit the need of renal biopsy 
and extensive immunosuppressive therapy. 

e Cortical echogenicity: 

— Normal in early-stage disease limited to the glomeru- 
lar compartment 

— Increased, when all components of parenchyma are 
histologically involved as in the progressed stages of 
disease, proliferative forms of GN, or types associated 
with crescent formation 

e Decreased renal parenchymal perfusion on color and 
power Doppler ultrasound in proliferative and crescentic 
forms of GN 

e Increased RI and PI values in proliferative and crescentic 
types of GN 

Computed Tomography 

e Since iodinated contrast materials are nephrotoxic, usage 
of contrast-enhanced CT is contraindicated. 

e In acute phase of glomerular disease, kidneys may be 
enlarged, whereas in chronic disease, kidney typically 
becomes smaller in size. 

Magnetic Resonance Imaging 

e Corticomedullary differentiation loss accompanies acute 
and chronic glomerulonephritis on MRI in addition to 
change in kidney size. 

e Diffusion MRI studies show decreased apparent diffusion 
coefficient (ADC) levels in renal parenchyma in patients 
with chronic glomerulonephritis. 


Pathology 
e The pathologic changes in glomerular diseases are only 
evident by microscopic examination. 


Differential Diagnosis 

¢ Imaging features do not lend to any differential diagnosis 
since all glomerular diseases involve parenchyma and 
have similar appearance on imaging. 
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Pearls and Pitfalls 

e The hallmark of glomerular diseases is proteinuria. 

e Cortical echogenicity is normal in early-stage disease 
when limited to the glomerular compartment. 

e Disease processes limited to glomerular compartment 
constitutes only 8 % of the renal parenchyma, has no or 
minimum effect on radiological parameters. 

e Increased size of kidneys may be found in acute tubular 
necrosis, acute glomerulonephritis, amyloidosis, and 
renal vein thrombosis. Decreased renal size may indicate 
underlying chronic renal pathology. 


Renal Amyloidosis 


General Information 

e As aresult of plasma filtering function, kidneys are con- 
tinuously exposed to abnormal forms of plasma proteins 
which are deposited in the capillaries of the organ. 
Although there are various diseases related to different 
forms of proteins, amyloidosis is the best known charac- 
terized by the deposits of fibrillar proteinaceous material. 

e Primary (AL) and secondary (AA) amyloidosis account 
for the overwhelming majority of cases of renal amyloi- 
dosis. The former has been associated with a monoclonal 
plasma cell dyscrasia, and at least 30 % of primary amy- 
loidosis patients will eventually develop multiple 
myeloma. Secondary amyloidosis is a result of chronic 
inflammatory disease. 

e Proteinuria is the first manifestation. 

e Renal involvement is characterized by renal vein thrombo- 
sis which affects only segmental or interlobar veins, inter- 
stitial fibrosis, and secondary atrophy of renal tubules. 


Imaging 

Plain Film Radiography 

e Normal, increased or diminished renal size 

e Renal artery calcifications 

Intravenous Pyelography (IVP) 

e Homogenous nephrogram, with loss of definition of the 
corticomedullary junction 

e Usually smooth, rarely minimal to moderately irregular 
cortical margins 

e Impaired renal excretion of contrast medium in kidneys, 
with reduced renal size 

Ultrasonography 

e Renal size is usually normal on ultrasonography. 

e Renal cortical hyperechogenicity, with preserved or 
diminished corticomedullary distinction. 

e Amorphous renal calcifications. 

e Focal renal parenchymal or pelvic masses due to amyloid 
deposition. 

e Perirenal soft-tissue mass with calcifications. 

e Normal or increased interlobar arterial RI and PI values. 
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Fig. 6.1 Renal amyloidosis. 
Most of the glomeruli in this 
renal biopsy exhibited extensive 
mesangial deposits of pink-stain- 
ing amyloid (Case courtesy of 
Gretta Jacobs, M.D.) 


Computed Tomography 

e Enlarged kidneys with smooth contours in the early stage, 
and small kidneys with cortical thinning in chronic stage 

e Focal parenchymal masses 

e Amorphous calcifications 

e Pelvic filling defects due to focal amyloid or blood clots 
of spontaneous hemorrhage 

e Perirenal soft-tissue masses with calcifications 

Angiography 

e Irregular narrowing and tortuosity of interlobar arteries 

e Nonvisualization of cortical arteries in some kidneys 

e Renal vein thrombosis in segmental or interlobar veins 
(rare finding) 


Pathology 

e Amyloidosis is a group of diseases characterized by deposi- 
tion of insoluble protein fibrils or proteins complexed with 
polysaccharides. The disease can be systemic or localized. 

e Amyloid can deposit in the kidneys in several histologic 
patterns. The most common pattern is nodular amyloido- 
sis, whereby amyloid deposits in the mesangium (Figs. 6.1, 
6.2, and 6.3). Capillary loops eventually become involved, 
obliterating the glomerulus. Tubular atrophy also occurs, 
resulting in contraction of the kidneys. 

e In extraglomerular amyloidosis, amyloid accumulates in 
the interstitium and renal vasculature. 

e Vascular amyloidosis is rare and results in hypertension and 
occlusive vascular disease. Microscopically, amyloid is high- 
lighted by Congo red histochemical stain and exhibits apple- 
green birefringence when polarized (Figs. 6.2 and 6.3). 
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Fig.6.2 Renal amyloidosis. Same case as Fig. 6.1. The reddish-orange 
material is amyloid that is highlighted by Congo red histochemical 
stain 


Differential Diagnosis 

e Calcified focal lesions may mimic calculus. 

e Focal parenchymal masses must be differentiated from 
neoplasms. 


Pearls and Pitfalls 
e Amyloid deposition may mimic focal renal parenchymal 
or pelvic masses. 
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Fig. 6.3 Renal amyloidosis. Under polarized light, amyloid is apple 
green. Because of the unique beta-pleated structure of amyloid, not all 
the amyloid present in the section is visualized by polarized light 


e Pelvic filling defects due to focal amyloid or blood clots 
of spontaneous hemorrhage. 

e The most common radiological finding in renal amyloi- 
dosis is normal-sized kidneys. 

e Renal vein thrombosis can occur with amyloidosis. 


Diabetic Nephropathy 


General Information 

e As the main cause of end-stage renal disease, diabetic 
nephropathy develops in up to 35 % of all type 1 or type 2 
diabetic patients after 15—20 years of diabetes. 

e Nephropathy has a traditional cumulative incidence of 
30—40 % in type 1 diabetics and 25 % in type 2 diabetics 
at more than 20 years after diagnosis. 

e In the United Kingdom, the overall prevalence of neph- 
ropathy in general diabetic clinics is 4-8 %. Meanwhile, 
it must be remembered that up to 20 % of diabetics can 
develop renal failure due to nondiabetic kidney disease, 
with classical findings of other chronic renal diseases like 
decrease in renal size and parenchymal thickness. 


Imaging 
Ultrasonography 
e Early stage 
— Normalorenlarged kidneys in early stage. Nephromegaly 
in early stage is typical and may remain until overt neph- 
ropathy. This may be decisive, and renal size cannot be 
used as a reliable criterion to decide the irreversibility of 
nephropathology unlike other renal pathologies. 
— Maintains renal shape, parenchymal thickness, and 
architecture due to uniform involvement of all paren- 
chymal components. 


Fig. 6.4 Diabetic nephropathy. Gray-scale ultrasound demonstrates 
increased echogenicity of renal parenchyma and absence of corticome- 
dullary differentiation (arrow) 


— Normal Doppler indices in intrarenal arteries. 
e Late stage 
— Normal or small kidneys 
— Parenchymal hyperechogenicity with gradual loss of 
corticomedullary differentiation (Fig. 6.4) 
— Increased RI and PI values in Doppler scanning with 
correlation to serum creatinine concentration 
Angiography 
e Increased incidence of renal artery stenosis 


Differential Diagnosis 
e Early phase may show similar imaging findings as small- 
vessel vasculitides. 


Pearls and Pitfalls 

e Nephromegaly in early stage is typical and may remain 
until overt nephropathy. 

e Renal size cannot be used as a reliable criterion to decide 
the irreversibility of nephropathology unlike other renal 
pathologies. 

e Up to 20 % of diabetics can develop renal failure due to 
nondiabetic kidney disease, with classical findings of 
other chronic renal diseases like decrease in renal size and 
parenchymal thickness. 


Small-Vessel Vasculitis in Kidney 


General Information 

e Large vessel vasculitides (Takayasu arteritis and giant cell 
arteritis) cause renovascular disease; the medium-sized 
vessel vasculitides (polyarteritis nodosa, Kawasaki’s dis- 
ease) result in renal infarcts and hemorrhage. 
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Fig.6.5 Necrotizing vasculitis in 
kidney. This male patient had 
polyarteritis nodosa clinically. In 
addition to the renal involvement 
illustrated in this image, he also 
experienced loss of vision in both 
eyes. This small renal artery is 
diffusely infiltrated by 
inflammatory cells, including 
abundant neutrophils, and is 
undergoing fibrinoid necrosis 
(Case courtesy of Gretta Jacobs, 
M.D.) 


e Vasculitides of more peripheral vessels, namely, capillar- 
ies, venules, and arterioles, and in some instances, 
medium-sized arteries, may clinically manifest as 
glomerulonephritis. 

e Small-vessel vasculitides comprise a variety of diseases. 
Wegener’s granulomatosis, microscopic polyangiitis, Churg- 
Strauss syndrome, and drug-induced ANCA-associated vas- 
culitis are associated with positive antineutrophil cytoplasmic 
antibodies (ANCA). Cryoglobulinemic vasculitis, Henoch- 
Schönlein purpura, lupus vasculitis, rheumatoid vasculitis, 
and drug-induced immune-complex vasculitis are associ- 
ated with immune complexes. Other vasculitides include 
paraneoplastic or inflammatory bowel disease vasculitis. 

e Wegener’s granulomatosis, microscopic polyangiitis, and 
Churg-Strauss syndrome usually start after the fifth decade 
and have an approximate annual incidence of 1-2 cases 
per 100,000 population. On the other hand, 60 % of adult 
patients suffering lupus may develop renal abnormalities 
late in the course of the disease, which is especially preva- 
lent in Afro-American females (approximately, 1/400). 


Imaging 

Ultrasonography 

e Normal, increased or decreased (late in the course) renal 
size 

e Increased cortical echogenicity, decreased corticomedul- 
lary differentiation 

e Cortical hypoechoic areas with cortical distortion (due to 
edema) 
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e Normal or increased RI and PI values on Doppler 
imaging 

Computed Tomography 

e Affected kidney may show reduced nephrogram after 
contrast administration. 

e Rarely ill-defined mass-like lesions may be seen. 

Magnetic Resonance Imaging 

e Infiltrative lesions may be isointense on T1 and show het- 
erogeneous appearance on T2 sequence. 

e Lesions may be seen as pseudotumors. 


Pathology 

e Inflammation of the vessels, or vasculitis, is encountered 
in a variety of clinical settings. 

e The most common histologic pattern is crescentic glom- 
erulonephritis. In this pattern, there is necrosis of the 
glomerular capillary loop wall and subsequent scar for- 
mation (fibrosis), the size of which depends on the sever- 
ity of the initial event. Crescents can form from other 
causes; direct immunofluorescence is needed to classify 
the underlying process. 

e Most detectable immune reactants are antineutrophil 
cytoplasmic antibodies. Necrotizing vasculitis is rare; in 
this pattern, there is necrosis with fibrin deposition, neu- 
trophils, and karyorrhexis (Fig. 6.5 and 6.6). This pattern 
of vasculitis is common in entities such as classic polyar- 
teritis nodosa and Wegener’s granulomatosis. Serologic 
studies and clinical correlation are needed to classify the 
underlying process. 
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Fig. 6.6 Necrotizing vasculitis 
in kidney. Same case as shown in 
Fig. 6.5. Higher power view of a 
small renal artery undergoing 
fibrinoid necrosis 


Differential Diagnosis 
e No specific imaging finding in differentiation from other 
medical renal disease 


Pearls and Pitfalls 

e Medium-sized vessel vasculitides (polyarteritis nodosa, 
Kawasaki’s disease) result in renal infarcts and 
hemorrhage. 


Thrombotic Microangiopathies 


General Information 

e Thrombotic microangiopathies comprise a group of dis- 
orders characterized by an acute syndrome of microan- 
giopathic hemolytic anemia, thrombocytopenia, and 
manifestations of organ injuries resulting from platelet 
thrombosis in microcirculation. Diarrhea may accompany 
other symptoms in some cases. 

e Although the cause may be an infection, medication, or 
vaccination, a systemic disease is the most common. 
Among various systemic diseases, hemolytic-uremic syn- 
drome (HUS), thrombotic thrombocytopenic purpura 
(TTP), the antiphospholipid syndrome, and scleroderma 
are the mostly diagnosed ones as the underlying factor in 
many cases. 

e HUS affects predominantly children, especially the 
ones under 3 years of age, and results in lesions causing 
acute renal failure. Neurologic involvement is absent or 
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minimal. On the contrary, TTP mostly is diagnosed in 
adults and is characterized by severe neurologic and 
variable renal involvement in many cases. These two 
entities may coexist as well, which is called HUS/TTP. 
As the most common cause of acute renal failure in 
children, the annual incidence of HUS among pediatric 
population is quite low, which is about 1-3 cases per 
100 000 per year in different countries. 


Imaging 

Ultrasonography 

e Normal or slightly increased renal size 

e Increased cortical echogenicity 

e Severely increased Doppler index values (RI, up to 0.90- 
1.00) found in the intrarenal arteries in the oliguric/anuric 
phase. Normalization of the Doppler indices is early sign 
of the recovery of renal function. 

e Decreased renal parenchymal perfusion on color/power 
Doppler imaging. 

Nuclear Scintigraphy 

° Extreme reduction of renal perfusion in °™Tc-DTPA 
images. 

e *™Tc-MAG, uptake is a good prognostic sign. 


Pathology 

e Thrombotic microangiopathy is encountered in a variety 
of clinical settings, the commonest of which are hemo- 
lytic-uremic syndrome and thrombotic thrombocytopenic 
purpura, but the use of the term has been expanded to 
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Fig.6.7 Disseminated 
intravascular coagulation. This is 
one of the many entities 
classified as examples of 
thrombotic microangiopathy. 
This section is from a kidney of a 
child who died of sepsis, having 
shown clinical features of 
disseminated intravascular 
coagulation premortem. 
Thrombus formation was widely 
present in arterioles and 
glomeruli, as exemplified in this 
image (Case courtesy of Beverly 
Dahms, M.D.) 


include such entities as malignant hypertension, dissemi- 
nated intravascular coagulation, scleroderma renal crisis, 
postpartum acute renal failure, irradiation, and other enti- 
ties, all of which are histologically similar. 

In the acute phase, notable features include glomerular 
capillary loop and arterial thrombus formation, and in the 
chronic phase, duplication of the basement membrane 
and mesangiolysis (Fig. 6.7). 


Differential Diagnosis 


Increased renal size may mimic diabetic nephropathy, and 
Doppler indices are not increased in early diabetic 
nephropathy. 

Differentiation of HUS and acute tubular necrosis not be 
possible using imaging. 


Pearls and Pitfalls 


HUS affects predominantly children, whereas TTP affects 
adults. 

Normalization of the Doppler indices is early sign of 
recovery of renal function. 

*°*™Tc-MAG, uptake is a good prognostic sign. 


Tubulointerstitial Disease 


General Information 


Primary interstitial nephropathies consist of diseases which 
cause interstitial inflammation and renal tubular damage. 


Interstitial nephritis has been classified into acute and chronic 
forms. The acute form is generally characterized with rapid 
deterioration in renal function. The glomerular and vascular 
components of the kidney are typically spared. 

Current scientific data supports the hypothesis that acute 
interstitial nephritis (AIN) is an immunologically induced 
hypersensitivity reaction to an antigen associated with a 
drug or infection. Although it is identified in only about 
2-3 % of all renal biopsies, this type of interstitial nephri- 
tis is estimated to be responsible in about 10-15 % of 
cases suffering acute renal failure. Currently, drugs like 
antimicrobial agents and nonsteroidal anti-inflammatory 
drugs are the main triggering factors of the pathology, 
contrary to previous era when antibiotics were not avail- 
able and infections were responsible in most of the cases. 
Chronic interstitial nephritis (CIN) causes a more gradual 
deterioration in renal function due to progressive scarring 
of the tubulointerstitium. Among primary causes of CIN, 
analgesic nephropathy, vesicoureteral reflux, chronic 
obstruction, sickle cell nephropathy, radiation, and sarcoi- 
dosis are included. Secondarily, glomerulonephritis, dia- 
betes, hypertension, polycystic kidneys, aging, and all 
progressive renal diseases that cause tubulointerstitial 
scarring may lead to CIN. 

The characteristic tubulointerstitial fibrosis and atrophy, 
associated with interstitial mononuclear cell infiltration, 
are followed by the involvement of glomerular and vas- 
cular structures in late phase. About 15 % of end-stage 
renal disease cases are accepted to be the result of CIN. 


192 


e The imaging features of the tubulointerstitial nephritis, 
either in acute or chronic form, are nonspecific in nature, 
and a definite diagnosis is usually reached only by means 
of renal biopsy. 


Acute Interstitial Nephritis 


Imaging 

Ultrasonography 

e Normal or increased renal size (due to interstitial edema) 

e Often increased cortical echogenicity 

e Decreased renal perfusion on color and power Doppler 
ultrasound 

e Increased resistive index values in intrarenal arterial 
branches 

Computed Tomography 

e Kidneys are enlarged in the acute phase. 

e Delayed postcontrast CT reveals corticomedullary con- 
trast enhancement due to vascular and tubular stasis. 

Nuclear Scintigraphy 

e Increased uptake of gallium (°’Ga) (nonspecific; increased 
also in pyelonephritis, glomerular diseases, and malignancy) 


Chronic Interstitial Nephritis 


Imaging 

Plain Film Radiography 

e Bilateral and asymmetrically diminished renal size 

e Papillary calcifications 

Intravenous Pyelography 

e Early-stage papillary necrosis (“claw” sign) 

e Complete papillary necrosis (“ring” sign) 

e Partial papillary necrosis with central cavitation of 
calyces 

e Filling defects caused by sloughed papillae 

Ultrasonography 

e Bilateral atrophic kidneys 

e Irregular renal contours 

e Increased parenchymal echogenicity mainly in medulla 
and loss of corticomedullary differentiation 

e Papillary calcifications 

e Calyceal cavitations 

e Intra-calyceal free material due to sloughed papillae 

e Renal cysts 

e Diminished renal perfusion in Doppler scanning 

Computed Tomography 

e Papillary calcifications in non-contrast scanning 

e Shrunken kidneys 

e Changes in calyceal contour associated with papillary 
necrosis 

e Renal cysts 
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Differential Diagnosis 

e In case of bilateral small kidneys, prerenal (e.g., gen- 
eralized atherosclerosis, atheroembolism, renal artery 
stenosis, radiation nephritis), intrarenal (hereditary 
nephropathies, amyloidosis in late phase, chronic glom- 
erulonephritis, post-inflammatory atrophy), or postrenal 
(reflux nephropathy, post-obstructive atrophy) affecting 
both kidneys should be considered in the differential diag- 
nosis of tubulointerstitial disease. It should also include 
papillary necrosis, diabetes nephropathy, and sickle cell 
nephropathy. 

e Papillary necrosis due to analgesic nephropathy is almost 
always a bilateral disease with wavy contours of kidneys 
contrary to those in reflux nephropathy with blunted caly- 
ces and deep cortical scars. 


Acute Renal Failure 


General Information 

e Acute renal failure (ARF) is defined as a syndrome with 
acute decrease in glomerular filtration rate. It is often 
reversible and may occur through three different mecha- 
nisms: (a) as an adaptive process in case of reduced renal 
perfusion in the presence of intact nephrons, (b) when the 
nephrons lose their structural and functional integrity as a 
result of cytotoxic insult, and (c) as a consequence of 
obstructed drainage of urine. Thus, according to the caus- 
ative mechanism, ARF cases can be classified in one of 
three different groups, respectively: prerenal, intrinsic 
(renal), and postrenal. 

e ARF complicates about 5 % of all hospital admissions 
and 30 % of cases referred to intensive care units. 

e Most of the cases of ARF are related to prerenal and 
intrinsic renal causes. More than 90 % of intrinsic renal 
ARF cases are attributed to ischemia and/or nephrotoxic 
insults with associated acute tubular necrosis. 

e The main indication for imaging in ARF is to exclude 
possible obstruction like urinary stone, retroperitoneal 
fibrosis, or a tumor affecting the excretion of both kidneys 
or a solitary kidney. 

e The evaluation of renal size, parenchymal structure and 
related arterial and venous flow may supply valuable data 
on the nephrologic status of the patient. 


Imaging 

Plain Film Radiography 

e Akidney-ureter-bladder (KUB) radiography may demon- 
strate vascular calcifications of aorta and renal arteries. 

e Furthermore, urinary stones in kidney, bladder, and ure- 
ters can be delineated. The relatively low sensitivity of 
ultrasound in detecting ureteral stones can be compen- 
sated using KUB radiograms. 
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Fig.6.8 Acute renal failure. Increased parenchymal thickness (26 mm) 
and cortical echogenicity in a case of rhabdomyolysis 


Intravenous Pyelography 

e This modality is not suggested in the diagnostic work-up 
of ARF due to the nephrotoxic effects of intravenous 
iodized contrast material. 

Antegrade Pyelography 

e The exact level of obstruction can be demonstrated in 
postrenal ARF patients when other noninvasive tech- 
niques are not helpful. 

Retrograde Pyelography 

e Similar to antegrade pyelography, the obstruction can be 
diagnosed and has additional advantage of treating the 
cause in the same session in selected patients. 

Ultrasonography 

e It is the modality of choice to start evaluating patients 
with ARF. As a modality which is noninvasive and widely 
available, US provides valuable information on renal 
structure and hemodynamics. 

e Renal size: Normal in many cases. Increased size of kid- 
neys may be found in acute tubular necrosis, acute glom- 
erulonephritis, amyloidosis, and renal vein thrombosis. 
Decreased renal size may indicate underlying chronic 
renal pathology. 

e Cortical thickness: Increased in ATN, renal venous throm- 
bosis, glomerulonephritis, and interstitial nephritis, while 
decreased in chronic renal dysfunctions. 

e Cortical echogenicity: Increased echogenicity and corti- 
comedullary differentiation may accompany increased 
cortical thickness (Fig. 6.8). Meanwhile, hyperechoic 
cortex may be associated with decreased renal size and 
decreased cortical thickness, indicating chronic renal 
failure. 
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e Collecting system: May be bilaterally dilated in cases of 
postrenal ARF. Hydroureters may accompany bilateral 
hydronephrosis in cases due to bilateral lower urinary 
tract obstruction. In prerenal and intrinsic renal ARF 
cases, there is no sign of dilatation of urinary tract. 

e Spectral Doppler demonstrates normal RI values (less 
than 0.70) in most of the prerenal ARF patients, while RI 
indices are usually above 0.70 in intrinsic renal ARF 
cases. Clinical crush syndrome as a consequence of rhab- 
domyolysis is a typical example of renal disease with 
significant and reversible increase of RI and PI values 
(Fig. 6.9). 

e Hepatorenal syndrome is a functional renal disorder with- 
out significant glomerular and tubular pathology, second- 
ary to hepatic failure. Kidneys usually show high Doppler 
indices (Fig. 6.10). Renal function returns to normal when 
liver function normalizes. 

Computed Tomography 

e Non-contrast computerized tomography has the highest 
sensitivity in detecting urinary stones. 

e It also offers superior diagnostic information about retro- 
peritoneal pathologies, namely, retroperitoneal fibrosis 
and malignancies. 

Magnetic Resonance Imaging 

e This modality may be used as an adjunct to US when 
another cross-sectional imaging modality without ioniz- 
ing radiation is needed. It provides structural information 
regarding the kidneys (size, parenchyma, collecting sys- 
tem) and retroperitoneum. 

e Magnetic resonance urography techniques may demon- 
strate dilatation of the urinary tract and the level of 
obstruction. While T2-weighted imaging delineates dila- 
tation of the system in a static fashion, dynamic imaging 
using Tl-weighted images and contrast media may sup- 
ply information nearly equivalent to that provided with 
intravenous urography. 

e However, nephrogenic systemic fibrosis, a clinical entity 
demonstrated to be associated with exposure to gadolini- 
um-containing MRI contrast media mostly diagnosed in 
patients with impaired renal function (GFR <30), should 
be borne in mind. 

Angiography 

e In ARF, arteriography is indicated to confirm and/or guide 
interventional therapy in cases of significant renal artery 
stenosis which can be diagnosed using Doppler 
ultrasound. 

e Renal arteriography can demonstrate multiple microaneu- 
rysms typical of polyarteritis nodosa. 

Nuclear Scintigraphy 

¢ In ATN, the concentration of °™Tc-DTPA is poor with 
preserved renal perfusion. The progressive parenchymal 
accumulation of '*I-Hippuran or °™Tc-MAG, and the 
absence of excretion are typical. 
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Fig.6.9 Significantly increased RI in interlobar 


artery in a patient suffering from crush syndrome. 
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Fig.6.11 Acute tubular necrosis. 
Glomeruli show no pathologic 
changes. Tubular epithelial cells 
show extensive coagulative 
necrosis, with loss of nuclei. No 
interstitial inflammation is present 
(Case courtesy of Beverly Dahms, 
M.D.) 


Pathology 

e Two patterns of injury are seen in acute tubular necrosis. 

e The predominant histologic finding in the first pattern is 
diffuse extensive necrosis of proximal tubular epithelium; 
this pattern is seen largely in toxic injury to the kidney 
(Fig. 6.11). 

e Inthe second pattern, there is flattening of proximal tubu- 
lar cells, resulting in luminal enlargement, and apoptosis 
(single cell necrosis). The apoptotic cells slough, becom- 
ing granular casts. 

¢ In both patterns, there is interstitial edema and a paucity of 
inflammatory cells. Grossly, the kidneys are enlarged due 
to interstitial edema. In an older individual with preexist- 
ing tubular atrophy, the kidneys may be of normal size. 


Differential Diagnosis 

e Increased size of kidneys may be found in acute tubular 
necrosis, acute glomerulonephritis, amyloidosis, and 
renal vein thrombosis. 

e Cortical thickness: Increased in ATN, renal venous throm- 
bosis, glomerulonephritis, interstitial nephritis, while 
decreased in chronic renal dysfunctions. 

e Acute renal failure should be considered in the differen- 
tial diagnosis of thrombotic microangiopathies. Postrenal 
(obstructive) failure can be diagnosed with the demon- 
stration of hydronephrosis using gray-scale ultrasound. 
The intrarenal arterial RI is often normal in acute prerenal 
failure. 
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Pearls and Pitfalls 


Increased echogenicity and corticomedullary differentia- 
tion may accompany increased cortical thickness. 
Normal RI values (less than 0.70) are present in most pre- 
renal ARF patients, while RI>0.70 are seen in patients 
with intrinsic renal ARF. 


HIV Nephropathy 


General Information 


Renal disease is not an uncommon complication in 
patients who have HIV (human immunodeficiency virus). 
HIV-related nephropathy (HIVAN) is reported to be cause 
of 10 % of new end-stage renal disease cases in the United 
States. In autopsy series, the prevalence of HIV-associated 
nephropathy in the United States has been reported to be 
3-7 %. 

HIV nephropathy accounts for 40 % of patients of HIV- 
related renal disease and may be caused primarily from 
direct kidney infection and secondarily from adverse 
affects of medications used in HIV treatment. 

HIVAN manifests histologically as focal glomeruloscle- 
rosis and membranous, membranoproliferative, and 
mesangial proliferative glomerulonephritis. 
Opportunistic infections (fungal infections, Pneumocystis 
carinii, tuberculosis) in patients with HIV may also mani- 
fest with kidney disease. 
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e Highly active antiretroviral therapy (HAART) with indi- 
navir may result in calculus disease. 

e Patients with HIV may present with renal neoplasia, 
including Kaposi sarcoma and lymphoma. 

e HIV-associated nephropathy usually manifests as deterio- 
ration in renal function, nephrotic-range proteinuria, and 
azotemia in the absence of edema and hypertension. 

e Mortality and morbidity rates are affected by the early 
recognition of renal disease in HIV-infected patients. 


Imaging 

Ultrasonography 

e Initially, kidneys lose reniform shape and become more 
bulbous. 

e The majority of patients have normal-sized kidneys. 
Enlargement of kidneys was reported in 20 % of 
patients. 

e Most characteristic feature of HIV-associated nephropa- 
thy is increased parenchymal echogenicity that was dem- 
onstrated in 89 % of patients with HIVAN (Fig. 6.12a). 
Decreased corticomedullary differentiation is another 
ultrasound finding. 

e Renal pelvicalyceal wall thickening was also demon- 
strated on ultrasound in these patients. 

e Renal parenchymal edema may invade renal sinus that 
results in “decreased renal sinus fat” sign. 

e Late manifestations of HIVAN on US include decreased 
corticomedullary differentiation and parenchymal 
heterogeneity. 

Computed Tomography 

e Enlarged kidneys 

e Hyperattenuating 
(Fig. 6.12b) 

e Striated nephrographic appearance as a result of dilated 
protein-filled tubules 

e Atypical nephrocalcinosis in patients with Pneumocystis 
jirovecii infection 

Magnetic Resonance Imaging 

e Enlarged kidneys 

e Loss of corticomedullary differentiation 


medulla on unenhanced CT 


Renal Transplantation 
Introduction 


e Renal transplantation is accepted as the most effective 
modality of treatment for selected patients suffering from 
end-stage renal disease. 

e Imaging appearances and postoperative complications of 
renal transplantation vary according to the surgical proce- 
dures used. 

e The transplanted kidney may be placed either extraperito- 
neally or intraperitoneally in the left or right iliac fossa 
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Fig.6.12 HIV nephropathy. (a) Gray-scale US demonstrates increased 
cortical echogenicity with sparing of medullary region. (b) 
Corresponding contrast-enhanced CT demonstrates bilateral nephro- 
megaly and nonfunctioning kidneys 


with anastomosis to the external or internal iliac 
vasculature. 

e Generally, the transplanted kidney is placed heterotopi- 
cally in an extraperitoneal space in the pelvis. The right 
iliac fossa is usually preferred, since the right iliac vein 
runs a more superficial and horizontal course on this 
side of the pelvis that makes vascular anastomoses 
easier. 

e The type of arterial anastomosis is determined usually by 
the type of graft. Cadaveric kidneys are typically obtained 
with an intact main renal artery and an attached portion of 
aorta. The aortic portion is then trimmed in such a way 
that it can be exactly sutured to the recipient’s external 
iliac artery (end-to-side anastomosis). 

e With kidneys from living donors, end-to-side anastomosis 
of the donor renal artery to the recipient external iliac 
artery or an end-to-end anastomosis to the recipient inter- 
nal iliac artery can be performed. 

e The donor renal vein is always sutured in an end-to-side 
fashion to the recipient external iliac vein. The left renal 
vein is longer than the right, which usually makes the 
left kidney preferable for harvesting in donors, and 
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Fig. 6.13 Normal transplant 
kidney. (a) Power Doppler 
ultrasound demonstrates normal 
vascularity of transplant kidney. 
(b) Spectral Doppler ultrasound 
reveals vascular flow in renal 
artery with normal systolic and 
diastolic waveforms 


allows direct suturing of the left renal vein on the native 
ilium. 

e Restoring urinary drainage is ureteroneocystostomy, a 
procedure by which the ureter is implanted directly into 
the dome of the bladder. However, ureteroureterostomy or 
pyeloureterostomy may also be performed. The ureter 
may also be implanted into an interposed bowel segment. 
The double ureter can be transplanted separately or each 
one partially anastomosed to the other beforehand and 
then transplanted as a single unit. 

e Color flow Doppler ultrasound is the mostly used imaging 
technique in evaluation of renal transplant (Fig. 6.13). 
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Imaging Findings and Pathological Features 


Parenchymal Complications (Graft Dysfunction) 


General Information 


Renal transplant dysfunction results from acute tubular 
necrosis (delayed graft function), acute rejection, and 
drug nephrotoxicity. As in native kidneys, medical imag- 
ing has limited role in discriminating these entities, which 
are mostly diagnosed histopathologically. 

Delayed graft function, which has the same histopatho- 
logical features with acute tubular necrosis, is present to a 
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Fig.6.14 Acute rejection ina 
transplant kidney. Nearly 
complete absence of diastolic 
component of Doppler waveform 
indicates significant renal 
pathology. This can also be seen 
in patients with renal vein 
thrombosis and acute tubular 
necrosis 
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degree in almost all of the cadaveric-donor grafts, neces- 
sitating dialysis in 10-30 % of cases in the early post- 
transplant period. 

Acute tubular necrosis (ATN) is related to various factors 
including donor age, associated comorbidities, and trans- 
plantation process (warm and cold ischemia time), thus is 
a rare complication in living kidney donors. 

Acute rejection develops in nearly 40 % of transplanted 
kidneys, especially in the first weeks of transplantation. 
According to the Banff classification, chronic rejection 
constitutes a pathology group named as chronic allograft 
nephropathy, together with the following entities: chronic 
cyclosporine toxicity, hypertensive vascular disease, and 
chronic infection or reflux. Chronic allograft nephropathy 
was reported to be present in 62-72 % of routine protocol 
biopsies performed 2 years after the transplantation. 


Imaging 
Ultrasonography 


Renal size and shape: Size may be in normal range in 
many cases. Kidneys may be enlarged in severe cases of 
acute rejection, delayed graft function, and drug nephro- 
toxicity. Kidneys may have reduced size in chronic 
allograft nephropathy. 

Cortical thickness: Although normal in many patients, 
may exceed 20 mm in acute pathologies and decrease to 
subcentimeter values in chronic ones. 

Cortical echogenicity: It may be normal or decreased in 
acute rejection and normal or increased in chronic rejection. 
Effacement of central sinus echo complex may be present 
in severe cases. 

Collecting system wall thickness: Prominence and thick- 
ening of the mucosal wall in the collecting system may be 
present. 
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Doppler scanning: RI and PI values normal range in a 
transplant kidney is <0.70 and 1.50, respectively. RI value 
above 0.80 strongly suggests graft dysfunction. RI values 
above 0.90 (PI> 1.80), complete absence (RI= 1.00), or 
reversal of diastolic spectral Doppler component suggests 
significant pathology, requiring immediate therapy 
(Figs. 6.14 and 6.15). 

Power Doppler imaging demonstrates diminished periph- 
eral perfusion, giving the typical appearance of vascular 
pruning in cases with severe reduction of peripheral per- 
fusion in patients with ATN. 


Nuclear Scintigraphy 


Renal perfusion 

— The mostly used glomerular filtration agents in nuclear 
medicine studies are °®™Tc pentetate (DTPA) and °™Tc 
mertiatide (MAG3). 

— Technetium-99m DTPA and Tc-99m MAG 3 have bio- 
logical half-life as 6 h and 2.5 h, respectively. 

— Normal or slightly decreased in ATN. 

— Moderate to severe decreased in acute rejection. 
Baseline examination and serial studies are important 
for diagnosis. 

— Gradual deterioration of perfusion on serial scans in 
chronic rejection. 

— Normal or decreased in drug nephrotoxicity, especially 
associated with cyclosporine. 

Radiopharmaceutical uptake and concentration 

— Decreased uptake and delayed concentration in ATN. 

— Decreased uptake and delayed concentration in acute 
rejection. 

— Severely diminished uptake and delayed concentration 
in cortical necrosis. 

— The parenchymal transit is normal, with absent or min- 
imal cortical retention in stable chronic rejection. 
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Fig.6.15 Acute tubular 1 Vel 55.14 cm/s 
necrosis (ATN). (a) Spectral a 

Doppler ultrasound of renal 44 

artery demonstrates reversal of 
diastolic flow. (b) Color flow and 
spectral Doppler ultrasound 
reveals patent renal vein. 
Reversal of renal artery diastolic 
flow can be seen in ATN and 
renal vein thrombosis (RVT). 
Presence of normal renal vein 
distinguishes ATN from RVT 


In advanced chronic rejection, the uptake of tracers is 
diminished. 
— In acute cyclosporine toxicity, the parenchymal reten- 
tion is depressed. In toxic cases, there is no retention. 
e Excretion 
— Delayed and decreased in ATN due to damaged tubules 
— Delayed and decreased in acute rejection 


Differential Diagnosis 
e ATN, acute rejection, and cyclosporine toxicity may have 
similar sonographic and scintigraphic features. Time 
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course of the manifestations may help in the differentia- 
tion, with time ATN improves and no improvement is 
seen in patients with rejection. 


Pearls and Pitfalls 

e Cortical echogenicity may be found normal or decreased 
in acute rejection and normal or increased in chronic 
rejection. 

e RI value above 0.80 strongly favors graft dysfunction. 

e Reversal of diastolic spectral component suggests severe 
pathology requiring immediate therapy. This is usually in 
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patients with renal vein thrombosis, ATN, and acute 
rejection. 

e Afterrenal transplantation RI values above 0.90 (PI > 1.80), 
complete absence (RI=1.00), suggest severe pathology 
requiring immediate therapy. 


Vascular Disease 

Vascular disease is diagnosed in about 1-10 % of transplant 
kidneys. Although catheter angiography is most objective 
and provides definite diagnosis, recent improvements in 
imaging technology provide noninvasive method to image 
vascular complications of renal transplant. 


Renal Artery Stenosis (RAS) 


General Information 
e The reported incidence of renal artery stenosis in graft 
kidneys is up to 10 %. It usually manifests in the first year 
after transplantation and is located at the anastomotic site 
in nearly half of the cases. 
e Patients with RAS may present with 
— Severe hypertension refractory to medical therapy 
— Hypertension and the presence of an audible bruit over 
the graft 
— Hypertension associated with unexplained graft 
dysfunction 
e End-to-end anastomosis has three times more risk of 
stenosis than end-to-side anastomosis. 


Imaging 
Ultrasonography 
e Doppler US 
— Focal color aliasing and high systolic velocities exceed- 
ing 250-300 cm/s at the stenotic segment (Fig. 6.16). 
These velocities suggest hemodynamically significant 
stenosis. This is considered to be a screening modality 
and needs to be confirmed with an additional imaging 
such as MRA or conventional angiography. 
— Stenotic/prestenotic arterial segment (peak systolic) 
velocity ratio>2.0. 
— Poststenotic turbulence. 
— Renal/external iliac 
ratio> 1.8-2.0 
— “Pulsus tardus et parvus” in intrarenal arteries with 
prolonged acceleration time (>70 m/s) and decreased 
acceleration (<3 m/s’) (Fig. 6.17). This pattern is 
observed downstream from the stenosis and may be 
observed in other conditions as well. 


artery (renoiliac) velocity 
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Magnetic Resonance Angiography 

e May delineate significant stenosis noninvasively 

Nuclear Scintigraphy 

e The effect of arterial stenosis on the scintigraphy depends 
on the severity of the stenosis. Decrease and delay of perfu- 
sion is characteristic of significant stenosis. Concentration 
and excretion may also deteriorate. 

e 99mTc-labeled MAG3 and DTPA are both can be used in 
the evaluation of RAS. DTPA likely is a more sensitive 
tracer for angiotensin-converting-enzyme inhibitor 
(ACEI) renography than MAG3 since it is excreted exclu- 
sively by glomerular filtration. 

e Technetium-99m DTPA and Tc-99m MAG 3 have bio- 
logical half-life as 6 h and 2.5 h, respectively. 

Angiography 

e Standard modality for the diagnosing and also guiding 
transluminal angioplasty of stenosis 


Differential Diagnosis 

e In differential diagnosis of renal artery stenosis, gray- 
scale ultrasound findings both in global and segmental 
forms are nonspecific, may be found in severe rejec- 
tion, infection, or graft rupture. Exclusion of these enti- 
ties is possible with Doppler ultrasound. In equivocal 
Doppler findings, MR or catheter angiography must be 
performed. 


Renal Artery Thrombosis (RAT) 


General Information 

e Rare, in the early posttransplant period (within the first 
week). 

e Asymptomatic and present with a nonfunctioning 
graft. 

e Irreversible process, results in graft infarction and in 
transplant nephrectomy. 

e Predisposing factors include small arteries, multiple renal 
arteries, and pediatric donor kidney. 

e Atherosclerosis in either the donor or recipient also pre- 
disposes to renal artery thrombosis. 


Imaging 

Ultrasonography 

e No arterial or venous Doppler signal in the kidney or 
affected area (segmental cases) (Fig. 6.18). 
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Fig. 6.16 Renal artery stenosis of a graft kidney. (a) Spectral Doppler US demonstrates very high systolic velocity values in excess of 360 cm/s 
in the stenotic segment. (b) Subsequent angiogram confirms the renal artery stenosis 


e Spectral Doppler image may demonstrate transmitted Renal Vein Stenosis 
“wall thump” pulsation of an occluded renal artery. 
e In global renal infarction, kidney appears enlarged and General Information 


hypoechoic. e Rare complication due to perivascular fibrosis or external 
e Segmental infarct may appear as a hypoechoic parenchy- compression of fluid collections 

mal mass with poorly or well-defined margins (Fig. 6.19). Ultrasonography 
Nuclear Scintigraphy e Doppler scanning demonstrates local narrowing of the 
e Absence of perfusion, uptake, or excretion in the whole or lumen with color aliasing and three- to fourfold increase 


affected part of the kidney of velocity compared to proximal normal segment. 
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Fig. 6.17 Parvus tardus 
waveform. Spectral Doppler 
ultrasound of intraparenchymal 
arteriole demonstrates parvus 
tardus waveform suggesting 
high-grade stenosis or occlusion in 
proximal renal artery 
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Fig. 6.18 Renal artery occlusion. (a) Color flow Doppler ultrasound shows no vascular flow in renal artery and transplant kidney. (b) Spectral 
Doppler ultrasound reveals no intraparenchymal blood flow. The spectral Doppler tracing demonstrates noise 
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Renal Vein Thrombosis (RVT) 


General Information 

e RYT occurs in about 5 % of transplants. 

° Typically presents between the 3™ and 8" postoperative day. 

e RYT can occur due to multiple causes such as hypov- 
olemia, clot progression from the iliac vein, faulty surgical 
technique, or external compression by fluid collections. 


Imaging 

Ultrasonography 

e Swollen kidney appears enlarged and hypoechoic. 

e Doppler examination cannot demonstrate flow in the renal 
sin or renal vein is dilated with thrombus within. 6 a r a A N a A 

e Reversal of diastolic flow in intrarenal arteries (Fig. 6.20). p i ia ok enting renal infarct 

e Markedly increased Doppler indices. 

Computed Tomography 

e Direct demonstration of intraluminal thrombus 


Fig. 6.20 Renal vein thrombo- 
sis. Color and spectral Doppler 
ultrasound of renal artery 
demonstrates reversal of 
diastolic flow in renal artery and 
the absence of renal venous 
color flow suggesting renal vein 
thrombosis (renal vein is not 


Perrerrerebarrrarrr errr ere Pea bea 
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Fig. 6.21 Post-biopsy arteriovenous fistula (AVF) in a transplant kid- 
ney. (a) Color flow Doppler ultrasound of kidney demonstrates aliasing 
artifact secondary to high-velocity flow through AVF. (b) Spectral 
Doppler ultrasound demonstrates waveforms depicting arterialization 
of the draining vein 


e Visualization of a delayed nephrogram and continued 
presence of contrast material on delayed images (indirect 
findings) 

Magnetic Resonance Angiography 

e Demonstrates the lack of flow in the renal vein, with gra- 
dient echo- and contrast-enhanced sequences 


Differential Diagnosis 

e Reversal of diastolic blood flow in the intrarenal arteries 
is usually in RVT, but this can also be observed in patients 
with ATN and acute rejection. 
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Pearls and Pitfalls 

e Markedly increased Doppler indices with very low, 
absent, or reversed diastolic flow in intrarenal arteries is 
suggestive of RVT. 


Arteriovenous Fistula and Pseudoaneurysms 


General Information 

e Renal grafts may undergo numerous biopsies that may 
cause intrarenal arteriovenous fistulas (AVF) and/or 
pseudoaneurysms. 

e Simultaneous laceration of adjacent intrarenal artery and 
vein gives rise to fistula with/without pseudoaneurysm, 
while isolated laceration of artery causes pseudoaneu- 
rysm. Post-biopsy AVF and pseudoaneurysms have an 
incidence of 1-18 %. 

e Extrarenal AVF and pseudoaneurysms are very rare (inci- 
dence, 1 %). They usually occur as a result of surgical 
failure at the anastomotic site or perivascular infection. 


Imaging 

Ultrasonography 

e Anechoic cystic lesion with color signals within the lumen 
(pseudoaneurysm). 

e High-velocity, low-resistance, and turbulent flow in the 
feeding artery of AVF. 

e Very high velocities with color aliasing at the site of fistula 
(Fig. 6.21). 

e Pulsatile arterial waveform features in the draining vein 
(arterialization). 

e Isolated and large pseudoaneurysms with narrow neck 
have opposite colors due to swirling flow pattern in the 
lumen (“‘yin-yang sign”) and “to-and-fro” flow within the 
neck, representing the alternating incoming and outgoing 
arterial flow (Fig. 6.22). 

Computed Tomography 

e Alternative modality when US is inadequate due to obe- 
sity or other technical factors. 

e Round abnormality in the parenchyma which enhances 
identical to aorta at arterial-phase CT (pseudoaneurysm). 

e Early venous drainage adjacent to the lesion (AVF 
component). 

e Arterial-phase helical CT images delineate saccular dila- 
tation isodense to renal artery mostly at anastomosis site. 


Pearls and Pitfalls 
e Pseudoaneurysm is seen as round abnormality in the paren- 
chyma which enhances identical to aorta at arterial-phase CT. 


Urologic Disease 

Urologic complications occur mostly in the first month of 
transplantation and have an incidence of 1-8 %. Contrary to 
the previous reports, they are associated with very low patient 
mortality now. 
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Fig.6.22 Renal pseudoaneu- 
rysm. Spectral Doppler ultra- 
sound in renal parenchyma 
demonstrates to-and-fro 
waveform suggesting intrarenal 
pseudoaneurysm 


Urinary Obstruction 


General Information 

e Incidence is about 2-5 %. It generally occurs in the first 
6 months of transplantation and mostly located at the ure- 
teroneocystostomy site or the distal one-third of the ureter. 

e The most common reasons are ischemia, rejection, surgi- 
cal errors, ureteral kinking, but stones, clots, fungus balls, 
or any kind of external compression may also cause uri- 
nary obstruction. 


Imaging 

Intravenous Pyelography 

e Usually adequate to localize the site of obstruction 

e Not preferred due to nephrotoxicity of contrast media 

Ultrasonography 

e Normal appearing, mild, moderate, or markedly dilated 
pyelocalyceal system with/without ureteral dilatation. 

e External compression or ureteric stone can be 
demonstrated. 

e Intrarenal arterial Doppler indices may be increased in 
ureteric obstruction. 

Computed Tomography 

e Helical CT with 3 dimensional reformatting demonstrates 
entire course of ureter and associated periureteral pathol- 
ogies. 

Magnetic Resonance Imaging 

e May demonstrate pelvicalyceal dilatation and demon- 
strate the cause of obstruction/hydronephrosis. 

Nuclear Scintigraphy 

e T1/2 Lasix time of more than 20 min is suggestive of renal 
transplant obstruction. 


e Parenchymal time index of >220 s is very suggestive of 
renal transplant obstruction. 

e Ureteric obstruction of the kidney transplant can be diag- 
nosed with calculated renal output efficiency reduced 
to<75 % (sensitivity 92 %, specificity 87 %) and 
confirmed by isotope holdup in the pelvicalyceal system. 

e A normal or slowly declining renogram curve effectively 
excluded kidney transplant obstruction (sensitivity of 
96 %, negative predictive value of 84 %). 

e A parenchymal transit time of >5 min and time to bladder 
of>7 min both yield a sensitivity of 92 % and a specificity 
of 81 % for renal transplant obstruction. 


Differential Diagnosis 

e Dilatation of calyceal system does not mean obstruction 
in every case; it may be secondary to urinary reflux. 

e Ultrasound is reliable in the diagnosis of hydroneph- 
rosis. 

e Scintigraphic data especially from delayed images and 
diuretic renography are more reliable in differentiating 
obstructive from nonobstructive dilatation. 


Urinary Extravasation 


General Information 

e Extravasation of urine in graft kidney is relatively rare 
and may result from ischemic pathology or increased uri- 
nary pressure due to obstruction. 

e Urine can leak from renal pelvis, ureter, or ureteroneocys- 
tostomy site. Calyceal extravasation is rare and may occur 
in case of a segmental infarction. 


206 


Imaging 

Antegrade Pyelography 

e The site of the leakage can be demonstrated. 

Ultrasonography 

e It delineates the resultant fluid collection (viz., urinomas) 
but is unsuccessful in the demonstration of leakage and its 
exact site. 

Nuclear Scintigraphy 

e In sequential images, abnormal progressive increase of 
radiotracer accumulation outside the urinary tract. 
Delayed images are important for diagnosis. 


Peritransplant Fluid Collections 


General Information 

e Fluid collections around the graft kidney are common as 
a complication and reported to be present in up to 50 % of 
kidney transplantations. 

e They can be in the form of a urinoma, hematoma, seroma, 
lymphocele, or abscess. 

e Urinomas and hematomas usually develop in the early 
posttransplant period (Figs. 6.23 and 6.24). Lymphoceles 
usually develop 4-8 weeks after surgery. 

e Their clinical significance depends on their size. Any type 
of collection can be infected, causing a significant threat 
for the graft and patient. 


Imaging 

Ultrasonography 

e Well-defined fluid collection with anechoic lumen in lym- 
phoceles and urinomas. 

e Urinomas and hematomas 
septations. 

e Hematomas are echogenic in acute stage and become 
hypoechoic with aging and may have hematocrit level. 

e Change of urinoma and lymphocele from an anechoic to 
acomplex appearance suggests infection. Demonstration 
of gas in peritransplant collection favors infection. 

Computed Tomography 

e Alternative modality when ultrasound findings are incon- 
clusive due to technical factors like obesity. 

e Urinomas, seromas, and lymphoceles generally appear as 
well-marginated, hypodense fluid collections. Lymphoceles 
have attenuation values similar to fat. 

e Hematomas at acute stage are hyperdense, while they 
assume a more complex appearance in chronic stage. 

e Abscesses appear as complex, hypoattenuating fluid col- 
lections with thick capsule and peripheral enhancement. 

Magnetic Resonance Imaging 

e Acute hematomas appear hyperintense both in T1- and 
T2-weighted images. 

Radionuclide Scintigraphy 

e Photon-deficient area, usually adjacent to the transplant 


may have internal 
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Differential Diagnosis 

e The imaging features of peritransplant collections may be 
nonspecific in many cases. The time course of the pathol- 
ogies may help in differentiation. 

e Seromas, urinomas, and hematomas generally develop in 
the early posttransplant period, while lymphoceles mostly 
occur 1—2 months after the operation. 

e Jn many cases, the differentiation is made using ultrasound- 
guided aspiration and examination of the fluid in collection. 

e Acute pyelonephritis causes sonographic features resem- 
bling acute rejection. 


Pearls and Pitfalls 

e Seromas, urinomas, and hematomas generally develop in 
the early posttransplant period, while lymphoceles mostly 
occur 1—2 months after the operation. 


Page Kidney 

e Page kidney refers to external compression of the renal 
parenchyma by any extrarenal process such as subcapsu- 
lar or perirenal hematoma resulting in hypoperfusion and 
ischemia of the kidney with subsequent activation of the 
renin-angiotensin-aldosterone system. 

e This process manifests as hypertension resistant to anti- 
hypertensive therapy. Page kidney may lead to renal fail- 
ure in renal transplant patients. Renal biopsies and trauma 
are the common causes of subcapsular and/or perirenal 
hemorrhage. 

e Acute subcapsular and perirenal hemorrhage appears 
hyperechoic and hypoechoic in chronic phase on gray- 
scale ultrasound. Sometimes these lesions may be 
isoechoic to surrounding renal parenchyma; in such cases, 
computed tomography is a better choice. Color flow 
Doppler ultrasound of page kidney may show reduced or 
absence of diastolic flow in renal artery and diminished 
venous flow in renal vein (Fig. 6.25). 

e Treatment includes removal of the cause such as capsulo- 
tomy in subcapsular hematoma. 


Graft Infection 


General Information 

e Graft infection is common, and more than 80 % of cases 
experience at least one episode after transplantation. 
Infection may be focal or global and may cause renal or 
perirenal abscess formation. 


Imaging 

Ultrasonography 

e Generalized pyelonephritis in severe form may cause 
enlarged and hypoechoic kidney. 
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Fig. 6.23 Urinoma. Fluid 
collection (arrow) around 
transplant kidney represents 
urinoma 
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Fig. 6.24 Perirenal hematoma. 
Color flow Doppler examination 
of transplant kidney demon- 
strates perirenal hematoma 
(arrow). An active bleeding 
from site is demonstrated on 
color flow Doppler (arrowhead) 
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e Loss of central sinus complex. e Obliteration of renal sinus 
e Mucosal wall thickening in the collecting system. e Hypodense parenchymal region with ill-defined 
e Focal pyelonephritis may result in focal areas of borders 

increased or decreased echogenicity with ill-defined ° Hyperdense areas due to hemorrhage 

borders. e Striated nephrogram and poor corticomedullary 
Computed Tomography differentiation 


e Global enlargement of the kidney e Areas of dense parenchymal staining on delayed scans 
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Fig.6.25 Page kidney. 

(a) Color and spectral Doppler 
ultrasound of intrarenal artery 
reveals absence of diastolic flow 
in intrarenal artery secondary to 
increased resistance to blood in 
flow. An isoechoic subcapsular 
hematoma is seen (arrows) but 
difficult to distinguish from 
rest of the renal parenchyma. 
(b) Unenhanced coronal CT of 
same patient demonstrates 
hyperdense subcapsular 
hematoma (arrow) 


Magnetic Resonance Imaging Pearls and Pitfalls 

e Wedge-shaped areas of hyperintensity on contrast- ¢ Acute pyelonephritis results in sonographic features simi- 
enhanced fast inversion recovery and T2-weighted lar to acute rejection. 
images 

Nuclear Scintigraphy Stone Disease 

e Focal areas of diminished uptake on *™Tc-DMSA_ œ Graft kidney recipients have increased risk of developing 
images urinary stone disease. Urinary calculi are diagnosed in 

1-2 % of them (Fig. 6.26). 
Differential Diagnosis e Ultrasound, plain radiograms, CT (unenhanced), and 
e Focal infection may mimic infarction or neoplastic masses. antegrade pyelography (when needed) are useful to local- 


Differentiation may not be possible without biopsy. ize the calculi. 
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Fig. 6.26 Stone in the renal transplant. (a) Gray-scale longitudinal 
renal ultrasound demonstrates a focal hyperechoic crescentic lesion 
with posterior acoustic shadowing confirming the presence of a renal 
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stone (arrow). (b) Twinkle artifact on color flow Doppler further 
confirms the diagnosis 


Fig. 6.27 Posttransplant lymphoproliferative disease in a transplant kidney. (a) Gray-scale ultrasound demonstrates a hypoechoic mass lesion 
(arrow). (b) Lesion shows contrast enhancement (arrow) after gadolinium administration on T1-weighted images 


Neoplasms 


The risk of developing cancer is higher in graft kidney 
recipients. About 6 % of them develop neoplasms, pre- 
dominantly skin cancers, lymphomas, and posttransplant 
lymphoproliferative disease. 

Different modalities most commonly demonstrate a solid 
mass which enhances heterogeneously in contrast studies 
(Fig. ). It may have cystic components. 
Posttransplantation lymphoproliferative disorder (PTLD) 
is a serious complication of chronic immunosuppression 
after solid organ transplantation that results from abnor- 
mal proliferation of B cells in response to either primary 
or reactivated infection with Epstein-Barr virus. 

The disease is least common in renal transplant patients 
(1-2 % of cases). The kidney is the most commonly 
involved site in renal transplant recipients, with allograft 


involvement reported in 10-75 % of patients. The overall 
prevalence of renal involvement following transplantation 
of other solid organs is 10-30 %. 

Most prevalent during the first year following trans- 
plantation and usually occurs after six months of 
transplant. 

PTLD comprises of a spectrum ranging from plasma cell 
hyperplasia through premalignant polymorphic B cell 
proliferation to malignant monoclonal lymphoma 
(Fig. ). 

Many of these lesions are related to infection from 
Epstein-Barr virus (EBV), but the presence of this virus is 
not essential for the diagnosis. Most PTLDs are clonal 
proliferations of B lymphocytes. 

PTLD may affect both native and transplant kidneys 
and usually present with focal heterogeneous mass 
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Fig.6.28 PTLD. (a) CT depicts multiple intraabdominal enlarged lymph nodes (arrows). (b) A lymphomatous tumoral mass (arrow) is demon- 
strated in left lower quadrant with encasement of mesenteric vessels (arrowhead) 


surrounding hilar vessels or multifocal/unifocal paren- 
chymal masses. 

e In contrast to non-Hodgkin lymphoma in immunocompe- 
tent patients, native kidney involvement in PTLD is almost 
always unilateral. 

e Tissue sampling is necessary for the diagnosis. 


Imaging 

Ultrasonography 

e Complex hypoechoic mass adjacent to the renal hilum 
may circumferentially surround the hilar vessels. 

e Mass lesion may encase the renal vasculature, resulting in 
stenotic or poststenotic waveform patterns in renal artery 
on spectral Doppler examination. 

Computed Tomography 

e A non-enhancing or mildly enhancing low-attenuation 
mass arising from the transplant kidney which may con- 
tain calcifications secondary to necrosis 

Magnetic Resonance Imaging 

e A solid mass in the renal parenchyma or adjacent to the 
renal hilum is hypo- or isointense on T1- and hypointense 
on T2-weighted images and demonstrates contrast 
enhancement with gadolinium. 

Nuclear Scintigraphy 

e Positron emission tomography (PET) with the glucose 
metabolism radiotracer 2-[fluorine-18]fluoro-2-deoxy-d- 
glucose (FDG) is very useful for visualization of 
disease. 

e PET has proved to be helpful in evaluating response to 
therapy, especially in patients with persistent lesions in 
whom FDG uptake can help differentiate between resid- 
ual tumor and fibrosis or necrosis. 


Cyclosporine Toxicity 


General Information 

e Cyclosporine and tacrolimus are immunosuppressive 
agents that inhibit calcineurin. These agents are used in 
patients with renal transplantation to prevent rejection. 

e Cyclosporine has the greatest nephrotoxic potential, with 
its vasoconstrictive effect on the afferent glomerular 
arterioles. 

e Cyclosporine-induced injury could be classified into 
acute, reversible injury resulting from decreased renal 
blood flow by renal vasoconstriction and chronic, irre- 
versible injury causing chronic renal failure with fibrosis 
of renal tubules and surrounding interstitial tissue. 

e Nephrotoxicity from cyclosporine is dose dependent and 
responds to a reduction in dosage. 

e Polyomavirus-associated nephropathy (PAN) is a recently 
described condition linked with cyclosporine and tacroli- 
mus, believed to be a latent virus reactivated by immuno- 
suppressive damage at a tubular level. 


Imaging 

Ultrasonography 

e Patients may show patchy flow or complete lack of corti- 
cal flow on power Doppler examination of the renal 
parenchyma. 

e Nephrotoxicity has a variable effect on intrarenal Doppler 
waveforms. 

e Occasionally, can cause a reduction in diastolic flow. 

Nuclear Scintigraphy 

e Patients with a toxic reaction to cyclosporine have radio- 
nuclide imaging findings similar to those of chronic 
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rejection, with decreased effective renal plasma flow and 
no parenchymal retention. 

e Acute tubular necrosis (ATN) caused by the ischemia/ 
reperfusion injury occurring during the process of kid- 
ney transplantation shows similar clinical course and 
renal scintigraphic findings as in acute cyclosporine 
nephrotoxicity so that the differential diagnosis of these 
2 conditions with single renal scintigraphic study is 
difficult. 
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Non-neoplastic Disorders of the Renal 


Pelvis and Ureter 


Suat Fitoz and Gregory T. MacLennan 


Introduction 


e Non-neoplastic urinary tract disorders include a wide 
spectrum of diseases which may range from complex 
congenital anomalies to acquired diseases such as infec- 
tion or urolithiasis. 

e Congenital anomalies of the urinary tract are one of the 
major causes of renal insufficiency with a frequency of 
1:650-1:1,000. 

e Diagnosis of obstructive pathologies is very helpful in 
treatment planning including the type of surgical inter- 
vention in both congenital and acquired disorders. 

e Radiological findings of urinary tract anomalies, the 
majority of which are pediatric and obstructive uropa- 
thies, are summarized in this section. 


Congenital Disorders of the Renal Pelvis 
and Ureter 


Calyceal Diverticulum 


General Information 

e Calyceal or pyelocalyceal diverticula are cystic, intra- 
parenchymal cavities that communicate with fornix 
through a narrow neck. 

e Most of them are asymptomatic and may contain milk of 
calcium or renal stone. 
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Imaging 

Plain Film Radiography 

e Plain abdominal radiographs can demonstrate a half- 
moon- or meniscus-shaped calcification in calyceal 
diverticulum. 

e Upto 50 % of calyceal diverticula contain calculi or milk 
of calcium. 

Intravenous Pyelography 

e The connection with the pyelocalyceal system can be 
demonstrated on intravenous pyelography (IVP). 

Ultrasound 

e Itis not possible to make a correct diagnosis on the basis 
of sonographic appearance (Fig. 7.1a). 

e When echogenic material or posterior wall calcification is 
identified within a renal cystic lesion, the patient should 
be scanned in both the supine and prone position to deter- 
mine whether mobile calculi are present within a calyceal 
diverticulum. 

e The demonstration of gravitational change of echogenic 
content in a cystic lesion located close to renal sinus is 
diagnostic for calyceal diverticulum on ultrasound. 

Computed Tomography 

e Coronal and sagittal reformatted images can delineate the 
location of the calyceal diverticulum and its relationship 
to the collecting system. 

e Delayed images demonstrate opacification of the entire 
lesion with a similar density to that of the collecting sys- 
tem, confirming the presence of a calyceal diverticulum 
(see Fig. 3.8b, c). 

Magnetic Resonance Imaging 

e MRI may be used in circumstances in which the ionizing 
radiation dose necessitated by CT is undesirable, particu- 
larly in pediatric patients, young females, and pregnant 
patients. 

e Multi-planar MRI can delineate calyceal diverticula and 
their infundibulum. 

e Contrast-enhanced MRI demonstrates contrast filling of 
cysts on pyelographic phase and confirms the diagnosis of 
calyceal diverticula (Fig. 7.1b). 
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Fig. 7.1 Calyceal diverticula. (a) Ultrasound of the kidney demon- 
strates anechoic lesions (arrows) suggesting cortical cysts. (b) MR 
pyelographic phase examination confirms the diagnosis of calyceal 


Differential Diagnosis 
e Differential diagnosis includes simple renal cyst, pseudo- 
diverticulum, cortical abscess, and tuberculosis. 
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diverticula (arrows). (c) Calyceal diverticulum containing a calculus 
(arrow), excised by partial nephrectomy 


e Renal cortical and parapelvic cysts mimic calyceal diver- 
ticulum, but do not show contrast filling on delayed 
images. 
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Pearls and Pitfalls 

e The demonstration of gravitational change of echogenic 
content in a cystic lesion located close to the renal sinus is 
diagnostic for calyceal diverticulum on ultrasound. 

e Delayed images demonstrate opacification of the entire 
lesion with a similar density to that of the collecting sys- 
tem, confirming the presence of a calyceal diverticulum. 

e Most of them are asymptomatic and may contain milk of 
calcium or renal stone (Fig. 7.1c). 


Megacalycosis 


General Information 

e Megacalycosis is accepted as a non-obstructive upper uri- 
nary tract lesion in which the calyces are dilated, mal- 
formed, and often increased in number. 

e Jt is characterized by hypoplasia of the medullary pyramids 
and calyceal dilatation in the absence of obstruction. 

e There are an increased number of calyces (12-20 
calyces). 

e Megacalycosis usually occurs unilaterally. 

e May be associated with congenital megaureter. 


Imaging 

Intravenous Pyelography 

e The pyramids have a semilunar configuration, instead of 
the normal triangular or cone shape. 

e The tip of each papilla is flat. 

e The calyces have a rounded appearance. 

e The corresponding pelvis is normal or only slightly 
dilated. 

e IVP may exclude obstruction of collecting system. 

Ultrasound 

e Ultrasound demonstrates dilated calyces with absence of 
enlargement of the renal pelvis (Fig. 7.2a). 

Computed Tomography 

e Increased kidney size 

e Decreased thickness of the renal parenchyma 

e Ectatic and polygonal calyces 

Magnetic Resonance Imaging 

e T2-weighted images demonstrate dilated calyces with 
hyperintense signal intensity. 

e MR urography may exclude anatomical or functional site 
of obstruction in the urinary tract (Fig. 7.2b, c). 

Nuclear Scintigraphy 

e Diuretic renography may reveal delay in excretion of con- 
trast and lack of obstruction in affected kidney. 


Differential Diagnosis 

e The differential diagnosis includes congenital hydroneph- 
rosis, polycalycosis, and hydrocalycosis resulting from 
infundibular stenosis. 
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e Vesico-ureteric reflux as a cause of the calyceal blunting 
must be excluded by VCU. 


Pearls and Pitfalls 

e Megacalycosis refers to increase in size of the calyces in 
the affected kidney. 

e The calyceal dilatation is not related to obstruction or 
vesico-ureteric reflux. 

e Calyceal dilatation associated with normal or small pelvis 
should alert the physician about the possibility of mega- 
calycosis, which is a non-obstructive pathology. 


Ureteropelvic Junction Obstruction 


General Information 

e Ureteropelvic junction (UPJ) obstruction is the most com- 
mon cause of upper urinary tract obstruction in infants 
and children. 

e Although it can be present at any age, 25 % of cases are 
diagnosed within the first year of life, and 50 % are recog- 
nized before the age of 5 years. 

e The etiology is unclear, but it is believed to be due to 
functional disturbance of the short segment of the ure- 
teral smooth muscle at the UPJ, restricting urinary flow 
across this region by interference with ureteral 
peristalsis. 

e Anatomical lesions such as bands, adhesions, or aberrant 
vessels crossing UPJ may also cause obstruction by com- 
pressing the ureter or pelvis. 

e It is more common on the left and affects males more 
commonly than females (2:1). 

e Itis bilateral in 10-40 % of patients. 


Imaging 

Intravenous Pyelography 

e Intravenous pyelographic findings include pelvicalyceal 
delayed filling and dilatation, abrupt contrast transition at 
the UPJ, and nonvisualized or normal caliber ureter distal 
to the UPJ. 

e Prone position is useful since it promotes filling of the 
ureter with movement of contrast from calyces to the 
anteriorly located renal pelvis. 

Voiding Cystourethrography 

e Voiding cystourethrography is important to exclude vesi- 
coureteral reflux, which can also show pelvicalyceal dila- 
tation indistinguishable from other causes of obstruction. 

Ultrasound 

e Most cases are asymptomatic, and the preferred initial 
imaging modality is ultrasound, both in fetal and in post- 
natal periods. 

e On ultrasound, the renal pelvis is enlarged, and the ureter 
is not dilated. 
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Fig. 7.2 Megacalycosis. (a) Longitudinal sonographic images of the 
right and left kidney show cystic dilatation of all calyces which are not 
associated with visible pelvic dilatation. (b) Heavily T2-weighted MR 
image demonstrates bilateral megacalycosis. (c) MIP reconstructions of 


dynamic contrast-enhanced images of early (left) and late (right) excre- 
tory phases demonstrate contrast filling of calyces and ureters without 
anatomical obstruction 
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Fig.7.2 


(continued) 


Dilatation of renal pelvis is best evaluated by measuring 
the anteroposterior dimension of the renal pelvis in the 
transverse plane of the kidney. 

A renal pelvis diameter of greater than 10 mm is consid- 
ered abnormal in older children. 


Computed Tomography 


Crossing renal vessels are frequently associated with UPJ 
obstruction and usually supply the lower pole of the kid- 
ney. Crossing vessels may cause intermittent obstruction, 
and their presence may influence the type of surgical 
intervention. 

Multi-detector CT scanning with 3-dimensional reconstruc- 
tion is helpful in establishing the anatomy of the UPJ obstruc- 
tion and demonstrating intrinsic or high-insertion UPJ. 

CT angiography is as accurate as digital subtraction 
angiography (DSA) in depicting crossing arteries in cases 
of UPJ. 


Magnetic Resonance Imaging 


Static T2-weighted sequences allow categorization of the 
degree of hydronephrosis. 
Early angiographic phases, as in CT angiography, clearly 


identify the vascular abnormalities (Fig. ). 
Dynamic contrast-enhanced MR urography facilitates 
individual kidney function assessment (Fig. ). 


Dynamic MR urography allows identification of the peak 
medullary signal intensity, distal tubular peak, and corti- 


comedullary crossover point to detect deterioration in 
renal function. 


Nuclear Scintigraphy 


The most widely used noninvasive functional test to deter- 
mine the severity of UPJ is diuretic renography. 

In cases with UPJ obstruction, renograms will show that 
T1/2 is longer than 20 min, with little or no washout. 

In radioisotope studies, curves of radionuclide uptake can be 
obtained, and renal transit time (RTT) can also be calculated. 
Renal transit time is defined as the time it takes for the 
contrast agent to pass from the renal cortex to the ureter 
below the lower pole of the kidney. 

Renal transit time in non-obstructed systems is less than 
240 s and usually more than 490 s in obstructed systems. 
Renal transit times between these values are considered 
ambiguous; conservative management with close follow- 
up is usually suggested. 


Pathology 


Ureteropelvic junction obstruction is the most common cause 
of ureteral obstruction. This condition can present at any age. 
In children, it is more common in boys, more often left 
side, bilateral in 16 % of cases, and associated with other 
urologic malformations in 15—20 % of cases. 

In adulthood, it is more common in women and is almost 
always unilateral. 
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Fig. 7.3 Ureteropelvic junction obstruction. (a) MR urography of a 
6-month-old female with UPJ obstruction. T2-weighted image 
demonstrates a left-sided pelvicalyceal dilatation. (b) An aberrant 
crossing vessel (arrow) is seen on vascular phase of contrast- 
enhanced dynamic MRI 
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Fig. 7.4 A 2-year-old boy with 
left UPJ obstruction. 

(a) Dynamic contrast-enhanced 
renograms with furosemide 
injection are obtained from ROIs 
placed over the whole kidney. 
(b) Excretory curves reveal 
normal findings on the right side 
(1) with a decline and good 
washout reflecting contrast 
material elimination. However, 
on the left side (2), contrast 
accumulation and increasing 
intensity indicate a severe 
obstruction 
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Fig. 7.5 Congenital ureteropel- 
vic junction obstruction. 
Specimen is a nonfunctioning 


kidney from an 18-year-old male. 


The region of obstruction is 
indicated by the arrow. The renal 
pelvis and calyces are dilated, 
and the renal cortex is markedly 
thinned. Microscopically, the 
muscle layers in the area of the 
ureteropelvic junction may be 
normal, attenuated, disorganized, 
or predominantly longitudinal. 
The obstruction may also be 
extrinsic to the collecting system 
due to impingement of polar 
vessels associated with renal 
malrotation, but this accounts for 
the minority of cases (Image 
courtesy of Li Yan Khor, M.D.) 


e It may appear funnel shaped with an area of distinct nar- 


rowing or may be quite stenotic (Fig. 7.5). 

The microscopic findings in this condition are variable: 
the muscle layers in the area of the ureteropelvic junc- 
tion may be normal, attenuated, disorganized, or pre- 
dominantly longitudinal. In a minority of cases, the 
obstruction is extrinsic to the collecting system due to 
impingement of polar vessels associated with renal 
malrotation. 


Differential Diagnosis 
e Differential diagnosis of UPJ obstruction includes multi- 


cystic dysplastic kidney (MDK), megacalycosis, and ure- 
terovesical junction obstruction. 

In MDK, cysts are of variable size and do not communi- 
cate with each other. 

In megacalycosis, the renal pelvis is small, and func- 
tional studies do not demonstrate physical 
obstruction. 

Dilatation of the ureter distal to the UPJ implies one of 
three entities: reflux megaureter, obstructed megaureter, 
or agnogenic megaureter (non-refluxing, non-obstructed 
megaureter). 


Pearls and Pitfalls 
e Dilatation is best evaluated in the anteroposterior measure- 


ment of the renal pelvis in the transverse plane of the kidney. 
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Dynamic contrast-enhanced MR urography facilitates 
individual kidney function assessment (Fig. 7.4a, b). 
Dynamic MR urography allows identification of the peak 
medullary signal intensity, distal tubular peak, and corti- 
comedullary crossover point to detect deterioration in 
renal function. 


Megaureter 


General Information 


Wide ureters can be divided into three categories: (1) reflux 
megaureter, (2) obstructed megaureter, and (3) agnogenic 
megaureter. 

Reflux megaureter may be primary, that is, of unknown 
embryologic etiology, or may be secondary to vesical 
obstruction or neurogenic bladder. 

Obstructed megaureter may be primary if it arises 
from an increase in the connective tissue component 
(of undetermined etiology) that results in an adynamic 
distal ureteral segment, or it may be secondary to 
external obstruction or distal stenosis, as in uretero- 
cele or in an ectopically placed ureteral orifice of the 
upper pole of a completely duplicated collecting 
system. 

Non-refluxing, non-obstructed megaureter or agnogenic 
megaureter may be primary if proved neither obstructed 
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nor the result of polyuria, infection, or residual changes 
after release of obstruction. 


Refluxing Megaureter 

e Refluxing megaureter may be primary or secondary. 
Vesicoureteral reflux is more common in females, which 
may be due to the additional mechanical support provided 
to males by the prostate and seminal vesicles. 

e In primary reflux, the ureterovesical junction is congeni- 
tally abnormal: ureteral tunnel length at the ureterovesical 
junction is inadequate. 

e On pathologic examination, the distal ureter may show 
deficiency of longitudinal muscle fibers in the intramural 
segment. 

e Secondary reflux implies anatomic or functional abnor- 
malities of the bladder or urethra. 


Obstructed Megaureter 

e Primary megaureter is a congenital obstruction involving 
the distal 0.5- 4 cm of the juxtavesical ureter. It is more 
common on the left side and is bilateral in 20 % of cases. In 
primary megaureter, the distal ureter is narrow and straight. 

e The distal ureteral segment in this condition is function- 
ally obstructive. 

e On pathologic examination, the ureteral wall in the distal 
segment may exhibit normal muscle, hypoplasia or 
fibrosis of the smooth muscle, preponderance of circular 
fibers, or thickening of the periureteral sheath. The dilated 
ureter above this segment may show smooth muscle 
hypertrophy or an almost complete absence of muscle. 
About two-thirds of ureters that have markedly hypoplas- 
tic muscle are associated with renal dysplasia. 

e Secondary obstructed megaureter develops in such set- 
tings as neurogenic bladder, ureterocele, ectopically 
placed ureteral orifice of the upper pole of a completely 
duplicated collecting system, or obstructing calculus. 


Non-refluxing, Non-obstructive Megaureter 

e It occurs in approximately 6-10 % of infants with antena- 
tal hydronephrosis. 

e Vesicoureteral reflux is not found in these patents, and 
ureteral drainage is adequate on functional studies. 


Imaging 

Intravenous Pyelography 

e On IVP, the ureter is dilated predominantly in its distal 
part. Associated pelvicalyceal dilatation can be seen with 
variable degree. 

Voiding Cystouretrography 

e Voiding cystouretrography (VCU) is the gold-standard 
examination for detecting vesicoureteral reflux. 


221 


i 
ECI RADS 


Fig. 7.6 Vesicoureteral reflux. On VCUG a grade V reflux with ure- 
teral and pelvicalyceal dilatation is seen on the left side 


e Cyclic VCU has been more efficient in diagnosis of reflux. 
In this technique, two voiding attempts are made when 
the catheter is in place, and third attempt is made to void 
after the catheter removal. 

e Free reflux is demonstrated by voiding cystouretrograms 
and graded I to V according to the international grading 
system. Grading system of vesicoureteral reflux is sum- 
marized below as: 

e Grade I: Urine refluxes up into the ureter only. 

e Grade II: Urine refluxes up into the ureter, renal pelvis, 
and calyces. The renal pelvis and calyces appear 
normal. 

e Grade III: Urine refluxes into the ureter and collecting 
system. The ureter and pelvis appear mildly dilated, and 
the calyces are mildly blunted. 

e Grade IV: Urine refluxes into the ureter and collecting 
system. The ureter and pelvis appear moderately dilated, 
and the calyces are moderately blunted. 

e Grade V: Urine refluxes into the ureter and collecting 
system. The pelvis is severely dilated, the ureter appears 
tortuous, and the calyces are severely blunted 
(Fig. 7.6). 
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Fig. 7.7 Vesicoureteral reflux. Color flow Doppler ultrasound demonstrates a retrograde flow (coded with red) reflecting the reflux into the left 
distal ureter 


Ultrasound e Vesicoureteral reflux and infections may result in dilata- 


e Sonographic examination may show renal scarring, lat- 


eral positioned ureteral orifices, ureteral dilatation, and 
hydronephrosis. 

Mildly distended segments of ureters can occasionally be 
visualized transiently as a bolus of urine is transported to 
the bladder. 

Sometimes, the ureters can also be mildly distended in 
normal children who have a fully distended bladder. 


tion of the urinary system. 

Color flow Doppler ultrasound may reveal retrograde flow 
in vesicoureteral reflux (Fig. 7.7). 

In primary megaureter, real-time ultrasound may show an 
adynamic distal segment and hyperperistaltic proximal 
ureter (Fig. 7.8). 

On Doppler imaging, the ureteral jet on the obstructive 
side is absent or decreased in velocity. 


e In hydronephrosis the principle finding is separation of the Computed Tomography 
central echo complex and dilatation of the calyces and pelvis. ° CT urography can display the marked dilatation of proxi- 
e The degree of dilatation depends on the duration and mal ureter with distal narrow segment. 
severity of obstruction and kidney function. However, it Magnetic Resonance Imaging 
must be kept in mind that dilatation of urinary tract does e° MR urography can reveal distal tapering of ureter as CT 
not necessarily indicates obstruction. urography (Fig. 7.9a, b). 
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Fig. 7.8 Primary megaureter in 
a 21-day-old neonate. Ultrasound 
demonstrates a dilated pelvica- 
lyceal system (left side) and 
dilated ureter with narrow distal 
segment (arrow) (B bladder, 

U ureter) 
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Fig. 7.9 Megaureter. (a) Excretory MR urogram of a patient with pri- Soygur, MD, from the Pediatric Urology Division of Ankara University 
mary megaureter demonstrates dilatation of the ureter. (b) Ureteric dila- School of Medicine) 
tation and distal narrow segment are confirmed at surgery (Courtesy T. 
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Fig. 7.10 Posterior urethral valve. T2-weighted fetal MRI (a) and MR tended posterior urethra are visible on postnatal suprapubic voiding 
urography (b) reveal bilateral hydroureteronephrosis (arrow) and _ cystourethrography 
dilated posterior urethra (arrowhead). (c) Trabeculated bladder and dis- 


e In obstructive cases, poor drainage from the renal pelvis Nuclear Scintigraphy 
and delay or no contrast visualization in ureters are the e° Functional studies such as renal scintigraphy may be 
major findings on MR urography. needed in cases with concomitant secondary 
e MRI may demonstrate other causes of obstruction in fetal obstructions that require surgical repair with pyelo- 
period (Fig. 7.1 ). plasty. 
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e MAG3 or DTPA renal scan may reveal intrarenal and ure- 
teral accumulation of radiopharmaceutical. 


Ureterocele 


General Information 

e Ureterocele is a congenital cystic dilatation of the intra- 
vesical submucosal portion of the ureter. 

e Simple or orthotopic ureteroceles are associated with sin- 
gle collecting system and are entirely within the bladder. 

e An ectopic ureterocele is more common with duplex col- 
lecting systems, and about 80 % are associated with the 
upper pole moiety. 


Imaging 

Intravenous Pyelography 

e On IVP ureterocele appears as a filling defect within the 
bladder on early films (cobra head deformity) and opacify 
progressively (Fig. 7.11). 

Voiding Cystourethrography 

e Ectopic ureter may evert during voiding and mimic 
diverticulum. 

Ultrasound 

e Ultrasound may demonstrate a well-defined thin-walled 
cystic mass along the posterior bladder wall (Fig. 7.12). 
They may partially collapse during peristalsis (Fig. 7.13). 

Computed Tomography 

e Size, shape, and localization of the ureterocele and accom- 
panying urogenital anomalies can be determined. 
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Fig. 7.12 Ureterocele. Ureteric 
dilatation (a) with intravesical 
ureterocele (arrow) (b) is 
demonstrated on ultrasound 

(B bladder, U ureter) 


225 


Magnetic Resonance Imaging 

e Ureterocele is seen as hyperintense cystic structure in the 
bladder lumen. Association between ureterocele and ure- 
ter may be demonstrated on MR urography. 

e Associated findings are hydroureter and hydronephrosis 
which can be demonstrated by MR urography 
(Fig. 7.14). 

e Contrast-enhanced MR urography easily detects uretero- 
cele in duplex system. 


Fig. 7.11 Ureterocele. Intravenous pyelography reveals a typical 
“cobra-head” appearance (arrow) of the right-sided ureterocele 
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Fig. 7.13 A small intravesical 
ureterocele. Sonographic images 
during ureteral peristalsis show 
partial collapse of the ureterocele 
(arrow) 


Fig. 7.14 Ureterocele. T2-weighted MR urography reveals intravesi- 
cal ureterocele (arrow) and dilatation of the collecting system 


Pathology 


Ureterocele is a condition in which the distal ureter bal- 
loons at its opening into the bladder, forming a sac-like 
pouch (Fig. ). 

It most commonly occurs in a duplicated system. 

The upper pole ureter is affected and passes dorsal to the 
lower pole ureter. 

Obstruction or reflux occurs in the ipsilateral lower pole 
ureter. 
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However, if the ureterocele is large enough, the contralat- 
eral ureter is affected as well. 

The muscularis of the ureterocele is normal, deficient, or 
dysplastic. 


Differential Diagnosis 


Fungus ball 

Foley catheter 

Pseudoureterocele: Presence of a mass within the bladder 
or a calculus at the ureterovesicle junction may mimic a 
ureterocele on IVP. Pseudoureterocele has thick and 
irregular margins as opposed to the thin wall and smooth 
margins of a simple ureterocele (Fig. ). 

A very large ureterocele may occupy the entire bladder 
and mimic the bladder itself, especially if bladder is 
empty. 


Pearls and Pitfalls 


An ectopic ureterocele is more common with duplex col- 
lecting systems, and about 80 % are associated with the 
upper pole moiety. 

Pseudoureterocele has thick and irregular margins as 
opposed to the thin wall and smooth margins of a simple 
ureterocele. 


Bifid and Duplex Ureter 


General Information 


Bifid collecting systems represent incomplete duplication 
of ureter. 

The ureters join at any level from the UPJ to the ure- 
terovesical junction. 
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Fig. 7.15 Megaureter and 
ureterocele. Primary megaureter 
is a rare condition caused in 
some cases by functional 
intrinsic obstruction of the distal 
ureter and in some cases by 
congenital deficiency of the 
musculature of the proximal 
ureter. Secondary ureteral 
dilatation may be due to 
vesico-ureteric reflux or to 
long-standing distal mechanical 
obstructions, such as ectopic 
orifice, stone, neoplasm, or, as in 
the case shown here, may be due 
to ureterocele. The distal ureter, 
at left, is markedly dilated. 

A decompressed ureterocele is at 
right (arrow) (From MacLennan 
GT, Cheng L. Atlas of 
Genitourinary Pathology. New 
York: Springer (2011). Reprinted 
with permission) 
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Fig. 7.16 Excretory urogram shows a thickened, irregular halo (arrow) 
surrounding the distal ureter caused by transitional cell carcinoma, resulting 
in a pseudoureterocele (With permission from Dyer RB, Chen MY, Zagoria 
RJ. Classic signs in uroradiology. Radiographics. 2004;24:S247-80) 
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e Incomplete duplication, the kidney has two pelvicalyceal 
systems and two ureters. 

e According to the Weigert-Meyers rule, the ureter draining 
the lower pole collecting system inserts superiorly and 
laterally and is more cephalad and lateral than the ureter 
draining the upper pole moiety. The upper pole moiety 
ureter inserts inferiorly and medially. The upper pole moi- 
ety is prone to obstruction, and the lower pole moiety is 
prone to reflux. 

e Insertion of the upper pole ureter can be in a normal posi- 
tion (close to lower pole ureter orifice) or in an ectopic 
location. 

e Ectopic insertion of the upper pole moiety in males can be 
in the bladder neck, prostatic utricle, seminal vesicle, or 
prostatic urethra. In males the insertion of an ectopic ure- 
ter is usually not beyond the external sphincter. In females, 
the ectopic insertion can be in the bladder neck, urethra, 
vagina, or uterus. 


Imaging 

Intravenous Pyelography 

e Bifid collecting system is best evaluated by IVP or MR 
urography. 

e Uretero-ureteral or “yo-yo” reflux may lead to stasis 
and ureteral dilatation (Fig. 7.17). “Yo-yo” phenome- 
non can be seen in patients with incomplete duplication 
of the collecting system. Antegrade peristalsis in one 
ureteric limb initiates a reverse peristalsis in the other 
once it reaches the junction where both ureteric limbs 
unite. 
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Voiding Cystourethrography 

e VCU is the next step in imaging after the ultrasound 
examination to evaluate for ureterocele and vesico-ure- 
teric reflux. 

e Duplication of ureter can be demonstrated if vesicoureteral 
reflux occurs. 

Ultrasound 

e Sonographic findings may include a variable degree of dila- 
tation of the upper pole collecting system, cortical thinning 
and dysplastic changes, and dilated ureter. Dilated upper 
pole collecting system compresses the lower pole collecting 
system, giving rise to “drooping lily appearance.” 

e When the ureter ends extravesically, it is dilated down to 
its site of opening. 

e The ectopic ureter is usually associated with ureterocele, 
and most of them are located at the bladder base. 

Computed Tomography 

e Two separate ureters can be demonstrated on MDCT. 

e Intervening renal parenchyma in a duplex kidney lacks a 
collecting system and major vessels, presenting a “face- 
less kidney” appearance. 


Fig. 7.17 IVP of an 8-year-old boy. The mild dilatation of the lateral 
collecting system results in dilatation of the medial ureter in a patient 
with incomplete left-sided duplication (arrow) secondary to a “yo-yo 
reflux” or to-and-fro peristalsis 
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e Sites of termination of the duplex ureters (intravesical or 
extravesical) can be demonstrated. 

Magnetic Resonance Imaging 

e MR urography can show the ectopic extravesical site of 
termination of an ectopic ureter (Figs. and 


). 


Pathology 

e These anomalies are the most common of the ureteral 
anomalies. 

e Bifid ureter results from premature branching of the amp- 
ullary bud and development of two separate renal 
pelves. 

e The two ureters join above the urinary bladder (Fig. ). 
Rarely, a bifid ureter may be incomplete (Fig. ). 

e In contrast, duplex ureters result from the development of 
two separate ampullary buds (Fig. ). 


Fig. 7.18 Obstructed duplex system. (a) T2-weighted MR urography 
demonstrates a complete duplication on the right side with obstructed 
upper pole collecting system. (b) Contiguous T2-weighted axial images 
demonstrate ectopic vaginal insertion of the obstructed upper pole ure- 
ter (arrows) (Cx cervix, V vagina). (c) Delayed nephrogram of upper 
pole moiety in right kidney is noted on the early excretory phase of 
contrast-enhanced MR urography 
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Fig. 7.18 (continued) 
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Fig. 7.19 Duplicated ureters. (a) Ultrasound of a patient with left- 
sided obstructed duplex system reveals an ectopic insertion of upper 
pole ureter with an intravesical ureterocele (B bladder). (b) T2-weighted 
static MR urography demonstrates the complete duplication and dilata- 
tions due to ureterocele (upper collecting system) and vesicoureteral 
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URETEROCELE 


reflux (lower collecting system, which was confirmed by VCUG). (c) 
Poor functioning upper collecting system and dilated but functional 
lower collecting system are visible on contrast-enhanced delayed MR 
image 
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Fig. 7.20 Bifid ureter. There 
are two separate renal pelves, 
each drained by a ureter. The 
ureters join above the bladder, 
at the level indicated by the 
arrow. In this case, a transi- 
tional cell carcinoma was 
present in the upper pelvis 
(Image courtesy of Alan Siroy, 
M.D.) 


Fig. 7.21 Duplex ureter. In this 
case, two ureters drain the right 
kidney, and each drains 
separately into the bladder (From 
MacLennan GT, Cheng L. Atlas 
of Genitourinary Pathology. New 
York: Springer (2011). Reprinted 
with permission) 


Fig. 7.22 Incomplete bifid 
ureter with a blind end. The 
ureteral outpouching indicated 
by the arrowhead is probably a 
portion of a bifid ureter that 
failed to connect to the renal 
parenchyma. Less likely, it may 
represent a true congenital 
ureteral diverticulum. Both 
entities possess a complete wall, 
including urothelium, lamina 
propria, and muscularis propria 
(From MacLennan GT, Resnick 
MI, Bostwick DG. Pathology 
for Urologists. Philadelphia: 
Saunders; 2003, with 
permission) 


e Two ureteral orifices are present in the bladder; the lower ¢ The more displaced the ureter becomes, the more likely it 
pole ureter is usually normally placed on the trigone, is that the corresponding renal unit will show dysplastic 
while the upper pole ureter is usually displaced on the changes. 
bladder neck or extravesical location (ectopic ureter). 
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Differential Diagnosis 
e Hydrosalpinx 

e Iliac vessels 

e Fluid-filled bowel 

e Ureterocele 


Pearls and Pitfalls 

e Uretero-ureteral or “yo-yo” reflux may lead to stasis and 
ureteral dilatation. 

e Ectopic insertion of upper pole ureter can be either intra- 
vesical below the trigone or extravesical. 

e Intervening renal parenchyma in a duplex kidney lacks 
a collecting system and major vessels and is some- 
times described as having a “faceless kidney” 
appearance. 


Congenital Ureteral Strictures 


General Information 

e Congenital ureteral strictures are usually located in the 
mid-ureter. 

e These strictures may represent ureteral valves or may 
represent anomalous organization of the ureteral muscu- 
lature. In the former, transverse mucosal folds may cause 
an obstruction, and in the latter, alteration in the fetal 
canalization process and insufficient vascular supply may 
be responsible for stricture formation. Histopathological 
analyses usually demonstrate increased collagen and 
fibrosis in the ureteral wall. In severe cases, the smooth 
muscle layer is replaced by fibrous tissue. 


e Causes of ureteral strictures are summarized in 
Table 7.1. 
Imaging 


Intravenous Pyelography 
e May show the level of obstruction or stenosis caused by 
stricture. Retrograde pyelography demonstrates the 


Table 7.1 Causes of ureteral stricture 


Malignant stricture 
Cervix cancer 
Prostate 
Bladder 
Colon 
Ureter 

Benign stricture 
Congenital: megaureter 
Retroperitoneal fibrosis 
Iatrogenic 
Passage of calculi 
Chronic ureteral inflammation (tuberculosis, schistosomiasis) 
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length and degree of stenosis and the exact site of 
obstruction. 

e Treatment is usually surgical. 

Ultrasound 

e Ultrasound may reveal the level of obstruction in fetal 

life. 

e Ureteral stricture may appear as ureteric narrowing with 

no peristaltic activity on ultrasound (Fig. 7.23a). 

Computed Tomography 

e Unenhanced CT findings are highly sensitive and specific 

in depicting hydroureteronephrosis. 

e Ureteral wall thickness, imbedded or extruded calculi, 
and urinary extravasation can be appreciated. 

e Fat stranding close to ureteral narrowing can be 
demonstrated. 

Magnetic Resonance Imaging 

e MR urography can demonstrate pelvicalyceal and ureteric 
dilatations (Fig. 7.23b, c). 

e Retroperitoneal diseases causing ureteric narrowing can 
be assessed by MRI. 


Differential Diagnosis 

e The aim of imaging is to detect the level of abnormality 
and to reveal the origin of dilatation, that is, obstructive 
versus non-obstructive. 

e IVP has served as the standard method for the evaluation 
of urinary tract in terms of morphology and estimation of 
kidney function. However, MRI and CT urography have 
reduced the need for IVP, especially in pediatric 
uroradiology. 

e Retrograde pyelography is rarely indicated and is usually 
performed as an adjunct to cystoscopy, with the urologist 
inserting retrograde catheters into the ureters. It is useful 
in cases with a blind-ending ureters and complex dupli- 
cated systems. 

e MR imaging has proved its value in obtaining both struc- 
tural and functional data of the kidneys in the diagnosis of 
a wide variety of urologic diseases. 


Retrocaval Ureter 


e Retrocaval ureter results from embryologic abnormality 
related to persistence of the right posterior cardinal 
vein. 

e The right ureter is deviated toward the midline at the point 
where it assumes a retrocaval location. 

e Retrocaval ureter may cause mild hydronephrosis. 

e Imaging examinations demonstrate medial deviation of 
mid-ureter with mild hydronephrosis (Fig. 7.24a—c). 
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Fig. 7.23 Ureteral stenosis. (a) Ultrasound of a 9-year-old girl with a 
diagnosis of congenital pelvicaliectasis shows the ureteric narrowing 
(arrows) with no peristaltic activity. (b) Pelvicalyceal and upper ure- 
teric dilatation is visible on T2-weighted MR urography. Retroperitoneal 


abnormality was excluded on routine spin-echo sequences (not shown). 
(c) Surgery confirmed the mid-ureteric stenosis most probably congeni- 
tal in origin (Courtesy of T. Soygur, MD, from the Pediatric Urology 
Division of Ankara University School of Medicine) 


Fig. 7.24 Retrocaval ureter. (a-c) Contrast-enhanced CT at delayed 
phase demonstrates contrast-filled ureter (arrowhead) posterior to the 
inferior vena cava (arrow) 
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Acquired Disorders of the Renal Pelvis 
and Ureter 


General Information 


e Non-neoplastic acquired lesions of the renal pelvis and 
ureter include infectious diseases, obstructions, and 
trauma. Obstructions can be intraluminal or extraluminal, 
benign or malignant. 

e Ureteral filling defects are created by ureteral stones, ure- 
teral neoplasms, air bubbles, blood clots, and ureteritis 
cystica. 


Ureteritis Cystica 


e Ureteritis cystica (UC) is a rare benign entity of uncertain 
etiology. 

e UC is most frequently detected incidentally, and the 
diagnosis is usually made during ureteroscopy or 
radiographically. 

e Radiographically, differential diagnosis includes multiple 
urothelial neoplasms, ureteral pseudodiverticula, non- 
opaque calculi, vascular impressions, tuberculosis, iatro- 
genic gas bubbles, gas-forming microorganisms, and 
submucosal hemorrhage. 

e Similar histologic changes in the urothelium of the renal 
pelvis and urinary bladder are designated “pyelitis cys- 
tica” and “cystitis cystica,” respectively. 


Imaging 


e At intravenous urography or retrograde pyelography, 
the most common appearance is that of numerous 
small, true contour defects of near uniform size, 
2-3 mm in diameter in the ureter, but such lesions may 
attain a size of up to 2 cm in the renal pelvis 
(Fig. 7.25a—c). 

e The majority of cysts appear hemispherical in shape as 
opposed to air bubbles, which appear round 
(Fig. 7.25d). 


Pseudodiverticulosis of Ureter 


e Patients with pseudodiverticulosis of the ureter usually 
present with hematuria or urinary tract infection. 

e Extension of ureteric mucosa into the submucosa results 
in the formation of outpouchings usually less than 4 mm 
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Fig. 7.25 A 62-year-old female with ureteritis cystica of ureters. 
Retrograde pyelogram (a) shows multiple smooth well-rounded filling 
defects with sharp borders that protrude into the lumen of the left ureter 
(Reproduced with permission from Rothschild JG, Wu G. Ureteritis cys- 
tica: a radiologic pathologic correlation. J Clin Imaging Sci. 2011;1:23). 
(b) Fluid-filled vesicles are scattered in the lamina propria. The vesicles 
may be lined by transitional or columnar/glandular-type epithelium (From 
MacLennan GT, Resnick MI, Bostwick DG. Pathology for Urologists. 
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Philadelphia: Saunders; 2003, with permission). (c) In the lamina propria 
are clusters of cells, many of which have a central lumen lined by colum- 
nar cells. The columnar cells are accompanied by normal urothelial cells 
insome of the nests (From MacLennan GT, Cheng L. Atlas of Genitourinary 
Pathology. New York: Springer; 2011. Reprinted with permission). 
(d) Retrograde pyelography of another patient demonstrates round-shaped 
filling defects in the ureter lumen representing air bubbles (arrow) 
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Fig. 7.26 Intravenous urography showing multiple spherical out- 
pouchings of right upper ureter (arrowheads) without hydronephrosis 
(With permission from Di Paola G, Mogorovich A, Manassero F, Ali G, 
Selli C. Pseudodiverticula of ureter: radiologic and histologic findings. 
Urology. 2009;73(2):268-9. Epub 2008 Oct 31) 


in size. These are bilateral and predominantly affect the 
upper to mid-ureters. 

e Since the cystic lesions are confined to the lamina propria, 
not extending beyond the muscularis propria of the ureter 
(hence, the term “pseudodiverticulum’’), it is likely that 
this lesion represents one of the manifestations of ureteri- 
tis cystica. 

e Intravenous pyelography and retrograde urography dem- 
onstrate multiple intramucosal cystic spaces (Fig. )). 

e This entity is associated with chronic urinary tract infec- 
tion. Thirty percent of patients may have associated tran- 
sitional cell carcinoma. 


Infectious Diseases 


General Information 

e One of the most common bacterial diseases in children is 
urinary tract infection (UTD. 

e Other unusual agents of UTI are candidiasis and 
tuberculosis. 
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Fig. 7.27 Urinary tuberculosis. IVP demonstrates dilated irregular 
calyces and multiple ureteric strictures (arrows) in a patient with uri- 
nary tuberculosis 


e Tuberculous involvement of urinary tract is uncommon 
and is secondary to renal parenchymal disease. 

e Upper urinary tract infections may lead to renal scarring, 
hypertension, and end-stage renal dysfunction. 


Imaging 

Intravenous Pyelography 

e IVP is not a recommended imaging method for evaluation 
of UTI. 

e IVP findings of tuberculous involvement include multiple 
ureteric strictures, dilatation of upper tract, and poor 
definition of a minor calyx (Fig. ). 

Ultrasound 

e Ultrasonographic findings, excluding parenchymal 
changes, may include mild dilatation, renal pelvis wall 
thickening which may extend to the ureter, and increased 
echogenicity of the renal sinus (Fig. ). 

e Wall thickening is not a specific sign and may be detected 
in vesicoureteral reflux (VUR) and postoperative patients 
after surgical interventions. 

e Hyperechoic sludge and fungus balls on ultrasound 
should suggest candidiasis in patients with complicated 
uropathies or having long-standing nephrostomy 
catheters. 
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Fig. 7.28 Acute pyelonephritis. 
Sonographic demonstration of 
thickening of the renal pelvic 
wall with dilatation in a patient 
with acute pyelonephritis 
(arrows). Thickening is 
considered when the pelvic wall 
exceeds 0.8 mm 


Computed Tomography 

e CT may demonstrate thickening and asymmetric enhance- 
ment of the collecting system. 

e Findings seen in cases of acute kidney infections include 
renal enlargement, striated or delayed nephrograms, 
delayed caliceal appearance time, and dilatation of the 
collecting system. 


Malakoplakia 


e Malakoplakia is a granulomatous inflammatory disease 
that can involve any organ system. The urinary tract is the 
most common site of malakoplakia. 

e About 10 % of cases of malakoplakia have ureteral 
involvement. 

e Patients usually have a history of recurrent bacterial 
infections. 

e Women are more commonly affected, with a peak inci- 
dence in the fifth decade. 

e Presence of Michaelis-Gutmann bodies is classic on 
histopathology. 


Imaging 

Intravenous Pyelography 

e Radiolucent, sessile filling defects of the ureteral lumen; 
and ureteral dilatation can be demonstrated on IVP. 
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Ultrasound 

e Sonographic evaluation demonstrates ureteral wall thick- 
ening and echogenic filling defects in ureteral lumen with 
proximal dilatation of ureter. 

Computed Tomography 

e CT reveals ureteral wall thickening. 

e Enhanced soft tissue density within and/or around the 
lumen with multiple plaque-like lesions. 

Magnetic Resonance Imaging 

e Heavily T2-weighted images reveal hypointense filling 
defects in hyperintense ureteral lumen. 

e Enhancement of thickened ureteral wall may be demon- 
strated after gadolinium administration. 
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Neoplasms of the Renal Pelvis 


and Ureter 


Mustafa Secil and Gregory T. MacLennan 


Introduction 


Neoplasms of the renal pelvis and ureter constitute 8 % of 
all urinary tract tumors. The incidence is 0.7—1.1 per100,000. 
Most of the tumors of the renal pelvis and ureter are epithe- 
lial in origin, and most of them are malignant. The 
classification of renal pelvis and ureter neoplasms is pre- 
sented in Table 8.1. Peak incidence is in the 60—70-year age 
group, and the male/female ratio is 1.7:1 for all renal pelvis 
and ureter neoplasms and is about 3:1 for malignant 
tumors. 


Imaging Findings and Pathological Features 
Epithelial Tumors 


e Benign epithelial tumors are urothelial papilloma and 
inverted papilloma, which are extraordinarily rare and 
detected incidentally. Malignant epithelial tumors account 
more than 90 % of all renal pelvis and ureteral tumors. 
Approximately 90 % of malignant tumors are urothelial 
carcinomas (transitional cell carcinomas), followed by 
squamous cell carcinoma (10 %) and adenocarcinoma 
(less than 1 %). 
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Benign Epithelial Tumors 


Urothelial Papilloma 

General Information 

e Benign exophytic papillary urothelial tumor 
e Tends to occur in younger patients 

e Usually presents with gross hematuria 


Imaging 

Intravenous Pyelography 

e Radiolucent filling defect in continuity with the wall of 
the collecting system 
Ultrasonography 

e Echogenic focus within the ureter and renal pelvis associ- 
ated with the moderate to severe hydronephrosis 

Computed Tomography 

e A ureteral or renal pelvis mass with attenuation in the 
soft-tissue range of 30-40 Hounsfield units 


Table 8.1 Tumors of the renal pelvis and ureter 


Epithelial tumors Benign Malignant 


Urothelial 
papilloma and 
inverted papilloma 


Urothelial carcinoma 
(transitional cell 
carcinoma) 


Squamous Squamous cell 
papilloma carcinoma 
Villous adenoma Adenocarcinoma 


Nonepithelial Benign stromal Malignant stromal tumors 
tumors tumors (sarcomas) 
Fibroepithelial Leiomyosarcoma 
polyps 
Leiomyoma Rhabdomyosarcoma 
Neurofibroma Osteosarcoma 
Hemangioma Fibrosarcoma 
Periureteric Angiosarcoma 
lipoma Malignant schwannoma 
Ewing sarcoma 
Miscellaneous, Metastases 
others Lymphoma 


Neuroendocrine tumors 
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Magnetic Resonance Imaging 

e Magnetic resonance urography demonstrates the localiza- 
tion and extent of tumor by showing hypointense filling 
defect in renal pelvis and ureter on heavily T2-weighted 
images. 


Pathology 

e Urothelial papilloma in these sites is rare. It is a mucosal 
lesion composed of a delicate papillary frond lined by 
typical urothelium of normal thickness. It is morpho- 
logically similar to its counterpart in the urinary 
bladder. 


Differential Diagnosis 

e Papillary neoplasm of low malignant potential is a papil- 
lary urothelial neoplasm. Mean age of this disease is 
64.6 years. 

e Transitional cell carcinoma, blood clots, and fungus 
balls. 


Pearls and Pitfalls 

e Urothelial papilloma tends 
patients. 

e MR urography may show benign characteristics of this 
tumor by demonstrating the absence of periureteral or 
perirenal invasion. 


to occur in younger 


Inverted Papilloma 

General Information 

e Itis generally considered a benign histologic lesion; how- 
ever, it may harbor malignant change. 

e Median age is 55. 

e Frequently presents with hematuria. 


Imaging 

Intravenous Pyelography 

e Solitary solid, sessile or pedunculated, polypoid lesion 

Ultrasonography 

e Echogenic mass within the ureteral lumen resulting in 
partial or complete urinary tract obstruction 

Computed Tomography 

e Hypodense mass seen as filling defect in ureteral lumen. 
Delayed phase images at CT urography may clearly 
demonstrate. 


Pathology 

e Inverted papilloma is more common in the ureter than the 
renal pelvis. It is also more common in older males. 

e Inverted papilloma consists of typical urothelium that forms 
trabeculae which undermine the overlying mucosa. It is 
morphologically similar to its counterpart in the bladder. 


Differential Diagnosis 
e Benign and malignant neoplasms of ureter, radiolucent 
stones, and blood clot 
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Pearls and Pitfalls 

e Inverted papillomas of the renal pelvis and ureter may be 
associated with urothelial neoplasms elsewhere in the 
urothelial tract. 

e Urothelial carcinomas may coexist with or arise within 
inverted papillomas. 

e Inverted papillomas may recur. 


Malignant Epithelial Tumors 


Urothelial Carcinoma (Transitional Cell Carcinoma) 

e The most common epithelial tumor of renal pelvis and 
ureter. Epidemiology of urothelial carcinoma differs 
among geographical areas; the highest incidence is in 
Australia, North America, and Europe, whereas the low- 
est rates are in South and Central America and in 
Africa. 

e Associated etiological risk factors include smoking, long- 
term analgesic use (particularly phenacetin), and occupa- 
tional exposure of certain chemicals (such as aniline, 
benzidine, aromatic amines, coal, tar, thorium). Balkan 
nephropathy, horseshoe kidney, and stones with chronic 
inflammation are known to have relation with the devel- 
opment of urothelial carcinoma in the pelvicaliceal sys- 
tem. Incidence of transitional cell tumor in patients with 
Lynch syndrome II is 6 %. 

e Pelvicaliceal epithelial carcinomas are two to four times 
more common than ureter tumors. As seen in bladder 
tumors, synchronous and metachronous urothelial tumor 
developments at other sites are quite frequent. 

e In 80 % of patients with upper urinary system urothelial 
tumors, a previous history of bladder carcinoma is pres- 
ent, and about 50 % of patients with primary diagnosis of 
upper urinary tract urothelial carcinoma develop bladder 
carcinoma in their rest of life. 

e The tumors may be bilateral in 1-2 % of cases with pelvi- 
caliceal urothelial carcinomas. 

e Synchronous tumors in ureter are more frequent with a 
rate of 2-9 %. 


Imaging 

Plain Film Radiography 

e Conventional x-rays have limited role in diagnosis. 
Calcification may be present in 2—7 % of cases, however, 
may mimic calculi and has no diagnostic value. 

e An enlarged kidney may be detected due to hydronephro- 
sis or due to the tumor itself in the very advanced stage 
(Fig. 8.1). 

Intravenous Pyelography 

e Pelvicaliceal tumors have typical intravenous pyelogram 
findings which include the following: 

e Filling defects — Smooth, irregular or stippled, single or 
multiple filling defects of the pelvicaliceal system 
(Figs. 8.2 and 8.3). 
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Fig. 8.1 Plain film radiography demonstrates nonspecific enlargement 
of the left kidney in a patient with urothelial carcinoma 


Fig. 8.3 Tumor at the right renal pelvis seen as a filling defect. The 
spaces between the papillary projections of the tumor are filled with 
contrast materials (arrows) resulting in “stippled appearance” 


Fig. 8.2 Polypoid tumor of the left renal pelvis seen as a smooth filling 
defect (arrows) on excretory phase of intravenous pyelography 


e Stipple sign — Occurrence of stipple contrast accumula- 
tion within the tumor. 

e Oncocalyx — Tumor-filled, distended calices (Figs. 
and 8.6). 

e Phantom calyx — Unopacified calyx secondary to obstruc- 
tion of infundibulum. Causes of a phantom calyx include some calices (white arrows) and appeared as multiple irregular filling 
tuberculosis, tumor, calculus, ischemia, trauma, and con- defects in some others (black arrows). Infundibular stenosis of the 
genital anomaly. upper-pole major calyx is denoted by dotted arrow 


Fig. 8.4 Renal pelvis tumor (*) extending to the mid- and lower-pole 
calices. Tumoral extension to the calices resulted in “oncocalices” in 


242 


Fig.8.5 Renal pelvis tumor with loss of opacification of mid- and lower- 
pole calices (white arrows). Caliceal dilatation of the upper pole is also 
seen (black arrows). The lower-pole calices involve multiple calculi (*) 


Fig. 8.6 Tumor-filled, distended calyx of the upper pole (“oncocalyx’”’) 
(arrows) 


e Ureteral tumors are observed as ureteral filling defect 
with variable proximal ureteral dilatation. Complete or 
long-standing obstruction may cause the loss of function 
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Fig.8.7 Antegrade pyelography showing dilatation of renal pelvis and 
all calices. Irregular filling defects due to tumor are seen (arrows) 


of kidney on the affected side; nonfunctioning kidney 
may be the only finding. 

Antegrade and Retrograde Pyelography 

e Pelvicaliceal tumors in retrograde pyelography have simi- 
lar findings with intravenous pyelography, though better 
depiction may be achieved. 

e Tumors are seen as smooth or irregular intraluminal filling 
defects, mucosal nodularity, or papillary projections in 
the involved calices. 

e Dilatation of involved calices, tumor-filled, distended cal- 
ices (oncocalices), and nonopacification of calices (cal- 
iceal amputation) may be seen (Fig. 8.7). 

e In ureteral transitional cell tumors, the transition between 
the normal mucosa and tumor may show an angulation 
known as the “shoulder sign” (Fig. 8.8). 

e Concentric tumors cause the appearance of an “apple 
core” with mucosal irregularity (Fig. 8.9). 

e Polypoid filling defect, which may be smooth or irregular 
(Fig. 8.10). 

e “Goblet sign” refers to the localized ureteric dilatation 
around and distal to the filling defect that occurs due to a 
slowly growing tumor obstructing the ureteric lumen 
which does not allow the opacification of proximal 
ureter. 
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Fig. 8.8 Tumor at proximal ureter (black arrows) appears as a concen- 
tric filling defect. “Shoulder sign” (white arrow) is diagnostic when 
detected, which occurs due to acute angulation at the transition zone of 
tumor and normal wall 


Fig. 8.9 Tumor at distal ureter (arrow) in an appearance of an “apple 
core” with luminal narrowing and mucosal irregularity 
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Fig. 8.10 Antegrade pyelography image of a ureteral tumor seen as a 
smooth filling defect (arrow) 


Catheter of the retrograde pyelography coils below the 
mass (“catheter coiling sign” or “Bergman sign’). 


Ultrasonography 


Focal or generalized dilatation of the collecting system 
and concurrent loss of renal parenchyma at the areas of 
dilatation, depending on the duration and severity of the 
obstruction. 

A soft-tissue mass that is hyperechoic relative to renal 
parenchyma is observed. Echogenicity may become het- 
erogeneous in high-grade tumors or in tumors that gained 
large dimensions at the time detection. 

Infiltration of renal sinus and parenchyma and perirenal 
tissues may be present at the time of diagnosis. 

Doppler ultrasound imaging may depict the tumor vascu- 
larity and can be used for investigation of renal vein 
patency. 
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Fig. 8.11 Longitudinal 
sonogram of left ureter 
demonstrating a soft-tissue mass 
(arrows). (a) The tumor is 
originating from the posterior 
wall causing proximal ureteral 
dilatation. (b) The vascularity of 
tumor is seen on color flow 
Doppler image 


- oren 


Ureteral tumors appear as intraluminal eccentric or con- 
centric soft-tissue masses with proximal distention of the 
ureter and pelvicaliceal system (Fig. J: 


Computed Tomography 


On precontrast images, the tumors are usually hyperdense 
compared to urine and renal parenchyma (Fig. ). 
On postcontrast arterial-phase images, tumor enhances 
moderately and less than the renal parenchyma (Figs. 
and ). At the parenchymal areas corresponding to 
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tumor-involved calices, cortical nephrogram is delayed, 
which is a helpful sign in diagnosis (Fig. 8.13). 

In the excretory phase, tumors appear as sessile filling 
defect, focal or diffuse mural thickening, or pelvicaliceal 
irregularity. As the tumor tends to grow along the epithe- 
lium, an appearance of a dominant mass with continua- 
tion of diffusely and irregularly thickened epithelium is 
common. Obstructed calices or renal pelvis may be seen 
as filled with tumor (oncocalyx). 


8 Neoplasms of the Renal Pelvis and Ureter 245 


Fig. 8.12 (a) Precontrast CT image demonstrating the renal pelvis demonstrating the enhancing renal pelvis tumor (arrows). The enhance- 
tumor (arrows) in higher attenuation than urine and in similar density ment is less than the renal cortex 
with the renal parenchyma. (b) Postcontrast cortical-phase CT image 
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Fig. 8.13 (a) Precontrast CT of a patient with concentric renal pelvis 
tumor on the right side (arrows). Tumor is slightly denser than the renal 
parenchyma. (b) Postcontrast parenchymal-phase CT of the patient 
depicts the concentric renal pelvis tumor (arrows). The tumor displays 
moderate contrast enhancement, lesser degree than the renal paren- 


e Infiltrative tumoral growth to the renal sinus or to the 
parenchyma may occur (Figs. and 8.16). 

e The tumor can be detected as a polypoid soft-tissue mass 
or ureteric wall thickening at the end point of ureteral 
dilatation (Figs. and ). 


chyma. On the lateral side, a parenchymal segment fails to enhance 
(long arrows), which is the area drained by a calyx containing tumor. 
(c) Coronal reformatted image demonstrates the mural thickening of the 
renal pelvis (arrows) 


e The tumor may be infiltrative with stranding of the peri- 
ureteric fat, which is suggestive of extramural spread. 

Magnetic Resonance Imaging 

e The tumor is in higher signal intensity on TIW and in 
lower signal intensity on T2W images when compared to 
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Fig. 8.16 Urothelial carcinoma (*) originating from a calyx with 
infiltrative growth pattern toward the renal parenchyma as well as 
toward the renal pelvis 


Fig. 8.14 Postcontrast CT image (a) and coronal reformatted CT 
image (b) of a patient with caliceal urothelial carcinoma. The tumor is 
seen as an enhancing lesion (asterisk) in the upper-pole major calyx 


Fig. 8.15 Urothelial carcinoma invading the renal parenchyma with 
extension to the left perirenal area (Jong arrows). Two tumoral lymph 
nodes are denoted by short arrows 
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Fig. 8.17 CT images of a patient with synchronous ureteral tumors on Coronal reformatted image demonstrates both tumors on the same 
the right side (a—c). (a) The tumor at the middle third of ureter is seen image (arrows); ureter is dilated down to the lower tumor and hydro- 
as a polypoid mass projecting to the lumen (arrow). (b) The tumor at nephrosis is seen 

the distal ureter is seen as a soft-tissue mass expanding the ureter. (c) 


urine. It appears nearly isointense to renal parenchyma œ MR urography demonstrates the tumor as hypointense 


both on TIW and T2W images (Figs. 8.19 to 8.21). filling defect as smooth or irregular, polypoid or concen- 
e After the use of gadolinium contrast material, a moderate tric mass in the hyperintense pelvicaliceal system, having 
enhancement is observed in the tumor. Enhancement is similar appearance in intravenous urography (Fig. ). 


less than the renal parenchyma (Fig. ). 
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Fig. 8.18 Coronal reformatted CT image of a patient with synchro- 
nous tumors in the renal pelvis, upper-pole calices (short arrows), and 
in ureter on the left side (long arrow) 


Fig. 8.19 T2W (a) and T1W (b) 
images of a patient with renal 
pelvis tumor on the left side. The 
tumor is isointense to the renal 
parenchyma on both sequences 
(arrows) 
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Fig. 8.20 (a) Axial fat-saturated postcontrast TIW image demonstrat- 
ing the renal pelvis tumor (arrows) that concentrically narrowed the 
lumen. The left kidney displays delayed and diminished renal function, 
seen as less parenchymal enhancement when compared to the normal 
right renal parenchyma. Enhancing vertebral metastasis is denoted by 
(*). (b) The image superior to the renal pelvis demonstrates that the 


calices are dilated and filled with tumor (*). The kidney preserves its 
reniform shape. (c) The tumoral extension along the epithelium in the 
upper calices in the same patient (arrows) is seen. (d) Coronal image 
demonstrates the location and extension of pelvicaliceal tumor (arrows) 
as well as the vertebral metastasis (*) at the time of diagnosis 
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Fig. 8.22 MR urography image of a patient with left ureteral tumor. 
The tumor is seen as a polypoid filling defect (arrow). The ureter proxi- 
mal to the tumor and the pelvicaliceal system on the left side are dilated. 
The ureter distal to the tumor is collapsed and not seen 
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Fig. 8.23 Multifocal urothelial 
carcinoma of upper urinary 
tracts. Numerous low-grade 
urothelial carcinomas involved 
the renal pelvis and entire length 
of ureter in this case (Image 
courtesy of Carmen Frias- 
Kletecka, M.D.) 


Fig. 8.24 Distal ureteral 
urothelial carcinoma. This 
low-grade urothelial carcinoma 
in the distal ureter, indicated by 
the green arrow, probably grew 
slowly, gradually obstructing 
the kidney and producing 
hydroureteronephrosis with 
marked caliectasis and loss of 
renal parenchyma. Note that the 
specimen includes urinary 
bladder (Image courtesy of 
Christina Bagby, M.D.) 


Pathology 


e Urothelial carcinoma 
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is commonly multifocal 


(Fig. 8.23). In the ureter, urothelial carcinoma tends to 
involve the distal segment; large papillary tumors can 
fill the ureter causing obstruction and hydronephrosis 


(Figs. 8.24 and 8.25). 


e In the renal pelvis, low-grade carcinoma may be noninva- 
sive or only minimally invasive into lamina propria or pel- 
vic muscle (Figs. 8.26, 8.27, and 8.28). High-grade cancers 
may transgress pelvic muscle to involve hilar fat or may 
infiltrate the adjacent renal parenchyma; rarely they may 
extendinto the renal vein (Figs. 8.29 and 8.30). Infrequently, 
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Fig. 8.25 Ureteral urothelial 
carcinoma. This low-grade 
tumor almost entirely occludes 
the ureteral lumen 


Fig. 8.26 Low-grade urothelial carcinoma of renal pelvis (From 


MacLennan GT, Resnick MI, Bostwick DG. Pathology for Urologists. 
Philadelphia: Saunders; 2003, with permission) 
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Fig. 8.27 Low-grade 
noninvasive urothelial 
carcinoma of renal pelvis. 
Tumor cells are arranged to 
form complex fused papillary 
structures. Multiple layers of 
tumor cells line the 
fibrovascular cores. Tumor cell 
nuclei are fairly uniform in 
shape and size, with fairly 
well-preserved polarity and 
minimal mitotic activity. No 
stromal invasion is evident 


Fig. 8.28 Low-grade invasive 
urothelial carcinoma of renal 
pelvis. Tumor has infiltrated 
into lamina propria and has 
extended deeply between 
bundles of pelvic muscle. 
However, tumor has not gone 
beyond the confines of the 
pelvis to involve peripelvic fat 


M. Seçil and G.T. MacLennan 


8 Neoplasms of the Renal Pelvis and Ureter 255 


Fig. 8.29 High-grade invasive 
urothelial carcinoma of renal 
pelvis. Tumor arose in the renal 
pelvis (blue arrow) and 
infiltrated adjacent renal 
parenchyma (green arrows). It 
also invaded hilar fat (yellow 
arrow) and the renal vein (black 
arrow). Renal vein involvement 
by urothelial carcinoma is 
unusual (Image courtesy of 
Anaibelith Del Rio Perez, M.D.) 


Fig. 8.30 High-grade invasive 
urothelial carcinoma of renal 
pelvis. Poorly differentiated 
high-grade urothelial carcinoma 
cells diffusely infiltrate the renal 
interstitial spaces, leaving a few 
residual glomeruli intact (arrows) 
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Fig. 8.31 High-grade invasive 
urothelial carcinoma of renal 
pelvis. The renal pelvic tumor 
shows papillary features but 
also exhibits areas of whitish 
discoloration due to the 
presence of a component of 
squamous cell carcinoma. In the 
area indicated by the arrow, 
tumor has infiltrated the full 
thickness of the kidney (pale 
region) and has extended out 
into peripelvic fat (Image 
courtesy of Zhanna 
Georgievskaya, M.D.) 


Fig. 8.32 High-grade invasive E RY ; Be ay BS SS wr SS PENAS Uta 
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infiltrates renal parenchyma to A : (z9. P CID pea 1% igs 


the level of the renal capsule. At 
right, tumor has transgressed the 
renal capsule and has spread 
into peripelvic fat 


Squamous Cell Carcinoma 


they may invade the kidney along its full thickness and 

extend into perirenal fat (Figs. 8.31 and 8.32). In these General Information 

sites, urothelial carcinoma shows the same histologic spec- . Squamous cell carcinoma is the second most common 
trum as its counterpart in the urinary bladder. epithelial malignancy in renal pelvis and ureter. However, 
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it is far less common than urothelial carcinoma. It occurs Adenocarcinoma 
more commonly in the renal pelvis than in ureter. 

e Nearly half of the patients have concurrent nephro- General Information 
lithiasis. An association with urinary stasis, chronic ¢ Adenocarcinoma of pelvicaliceal system and ureter is rare. 
inflammation, and horseshoe kidney has been In descending order of frequency, the group includes tubu- 
described. lovillous, mucinous, and papillary nonintestinal subtypes. 


Imaging Findings 

e Imaging findings of squamous cell carcinomas are 
indistinguishable from those of transitional cell 
carcinomas. 

e Presence of renal stone in association with an infiltrating 
lesion may be suggestive of squamous cell carcinoma 
other than TCC. 


Pathology 

e Squamous cell carcinoma is more common in the renal 
pelvis than the ureter. It generally presents at a high stage, 
with extensive invasion into the renal parenchyma and 
involvement of hilar fat (Fig. 8.33). 

e Squamous cell carcinoma often exhibits a white to gray 
gross appearance due to the presence of keratin produced 
by the tumor cells (Fig. 8.34). By convention, tumors diag- 
nosed as squamous cell carcinoma do not have identifiable 
components of urothelial carcinoma. Tumors that include Fig. 8.33 Squamous cell carcinoma of renal pelvis. Tumor is bulky 
both these components are designated as urothelial carci- and gray-tan. It invades hilar fat and extensively obliterates renal paren- 


noma with areas of squamous differentiation. chyma. High stage at presentation is typical of squamous cell carci- 
noma of renal pelvis (From MacLennan GT, Resnick MI, Bostwick 
DG. Pathology for Urologists. Philadelphia: Saunders; 2003, with 
permission) 
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Fig. 8.34 Squamous cell 
carcinoma of renal pelvis. 
Squamous cell carcinoma 
exhibits densely eosinophilic 
cytoplasm, internuclear 
bridging, and keratin pearl 
formation, the amount of which 
depends on the differentiation 
of the tumor. Well- 
differentiated squamous cell 
carcinoma shows minimal 
nuclear atypia with abundant 
keratin pearl formation; poorly 
differentiated carcinoma has 
pronounced nuclear atypia and 
little or no keratin production. 
In this image, nests of 
dark-staining squamous cells 
are infiltrating renal paren- 
chyma from the left, producing 
a desmoplastic stromal 
reaction. A few residual 
glomeruli and native renal 
tubules are still present 


NEA 
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Fig. 8.35 Villous adenoma of 
renal pelvis. Villous adenoma 
can arise at various sites within 
the urinary system. Rarely, it 
may involve the renal pelvis, as 
in this case (Image courtesy of 
Rodolfo Montironi, M.D. From 
MacLennan GT, Cheng L. Atlas 
of Genitourinary Pathology. 
New York: Springer; 2011. 
Reprinted with permission) 


Fig. 8.36 Villous adenoma of 
renal pelvis. Section from the 
lesion shown in Fig. 
fingerlike papillary projections 
lined by columnar epithelium 
(Image courtesy of Rodolfo 
Montironi, M.D.) 


35 shows 


Glandular metaplasia, nephrolithiasis, and recurrent 
infections are the predisposing factors. Adenocarcinomas 
occur in younger age group than the other types of epithe- 
lial malignant tumors. 


Imaging Findings 


Typical imaging features of uroepithelial neoplasms 
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Pathology 


Adenocarcinoma is rare in these sites, and when it occurs, 
it typically is in advanced stage at presentation. Intestinal 
metaplasia and villous adenoma may serve as precursor 
lesions (Figs. 8.35 and »). Urothelial neoplasia is not 
identified. It is composed of invasive glandular structures 
with highly atypical nuclei. The amount of gland formation 
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Fig. 8.37 Ureteral filling defect due to a nonopaque stone (arrow) 
mimicking tumor 


depends upon the differentiation of the tumor. Its histo- 
logic features are similar to those that occur in the urinary 
bladder. By convention, tumors diagnosed as adenocarci- 
noma do not have identifiable components of urothelial 
carcinoma. Tumors that include both these components 
are designated as urothelial carcinoma with areas of glan- 
dular differentiation. 


Differential Diagnosis 

e Filling defects of the pelvicaliceal system and ureter such 
as clot, nonopaque calculi, sloughed papilla, or fungus 
ball 

e Renal cell carcinoma 

e Xanthogranulomatous pyelonephritis 

e Retroperitoneal tumors invading renal hilus or ureter 


Pearls and Pitfalls 

e The filling defects, hydronephrosis and ureteral dilatation 
in intravenous pyelography, and antegrade or retrograde 
pyelography exams may be confusing and may lead to 
misdiagnosis of a tumor (Fig. ). As most of the tumors 
are epithelial in origin, mucosal pattern should carefully 
be evaluated first. 
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Fig. 8.38 Ureteral narrowing due to benign conditions that may be 
confused with tumor. (a) The normal ureteropelvic junction may show 
kink mimicking ureteral stenosis. Note that the renal pelvis and the cal- 
ices are not dilated and are normal in configuration. (b) Retrograde 
pyelography image demonstrating ureteral stricture as a short segment 
narrowing at proximal ureter. The appearance is indistinguishable from 
tumor. The narrowing is histopathologically proved to be due to chronic 
inflammation. (c) Benign stricture. Antegrade pyelography demon- 
strates smooth tapering of the distal part of the right ureter 
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Fig. 8.39 Renal cell carcinoma 
that may be misdiagnosed as 
urothelial tumor. (a) Tumor 
growing toward the renal sinus 
(arrows) causes dilatation of 
the upper-pole major calyx (*) 
and smooth external compres- 
sion over the renal pelvis. (b) 
Axial T2-weighted MR image 
of the same patient showing the 
tumor (*) 


e Strictures of benign origin due to calculi or chronic 


inflammation may mimic malignant tumors (Fig. 8.38). 
Shoulder and apple-core signs, if present, are helpful in 
diagnosis of a malignant tumor. 

Fluoroscopic observation of peristalsis of the ureter dur- 
ing antegrade or retrograde pyelography exams has key 
role in ureteral tumor diagnosis. The peristaltic activity of 
the tumor-involved segment is diminished, or the segment 
may be fixed with lack of peristalsis. The guide or the 
catheter stiffness may be felt during the intervention due 
to tumoral stiffness. 

On CT or MR imaging, the tumors originating from 
minor calices with radial growth pattern may be indis- 
tinguishable from renal cell carcinoma. The preservation 
of the reniform shape and of the outer border may be the 
clues for differentiation, unless the tumor is not in very 
advanced stage (Figs. 8.39 and 8.40). On the other hand, 
infiltratively growing caliceal tumors toward the renal 
parenchyma may mimic lymphoma or metastasis. 
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Hemorrhage, urinary stasis, or postobstructiveinflammation 
may alter the density or signal intensity of urine or the 
renal parenchyma on CT or MR imaging (Fig. 8.41). This 
may cause a limitation for detection of true epithelial or 
transmural extension of the tumor. Contrast-enhanced 
images are helpful in depiction of extension. 

Large retroperitoneal tumors invading the renal hilus may 
be indistinguishable from renal pelvis tumors (Fig. 8.42). 


Nonepithelial Tumors 


Benign Nonepithelial Tumors 


Composed of mesenchymal (stromal) tumors and are very 
rare. The most frequent one is the fibroepithelial polyp 
which is typically seen in the young age group 
(20-40 years). 
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Fig. 8.40 Urothelial carcinoma mimicking renal cell carcinoma. 
(a) Urothelial carcinoma causing loss of opacification of calices of the 
midportion of the kidney (*) and mass effect on upper- and lower-pole 
calices (black arrows). The appearance mimics renal cell carcinoma 
having mass effect on the caliceal system. The preservation of outer 
border of the kidney (white arrows) may be a helpful finding but is not 
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a characteristic for urothelial carcinoma and may be seen in renal cell 
carcinoma growing toward the renal sinus. T2W MR image (b) and 
axial fat-saturated postcontrast renal parenchymal—phase TIW image 
(c) of the same patient demonstrating the tumor (arrows) that has grown 
in a radial pattern, mimicking renal cell carcinoma 
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Fig. 8.41 Axial fat-saturated 
precontrast TIW (a) and 
postcontrast TIW (b) image of 
a patient with left renal pelvis 
tumor. Renal pelvis and 
posterior midportion calices are 
seen as dilated and in higher 
signal intensity than normal 
urine and in similar signal 
intensity with the renal 
parenchyma (*). It is difficult to 
estimate the true extension of 
tumor on precontrast image. 
After the use of gadolinium 
contrast material, the area 
denoted with (*) does not show 
enhancement. The high signal in 
that area is viscous urine due to 
stasis or blood products. The 
true extension of tumor is seen 
as thickening of the wall of the 
renal pelvis (arrows) 
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TRANSVERSE 


Fig. 8.42 Retroperitoneal poorly differentiated sarcoma invading the 
left renal hilus (arrows). (a) Transverse sonogram of left kidney of the 
same patient shows a heterogeneous mass at the renal hilus (arrows) 
which caused caliceal dilatation (*). (b) On axial T2-weighted MRI, 
tumoral mass in renal collecting system is seen (arrows) 
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Fig. 8.43 Fibroepithelial polyp 
of the ureter. Ureteral wall is at 
left (black arrow). The polyp 
(blue arrows) consists of a 
fibrovascular core lined by thin 
urothelium, some of which 
appears to show squamous 
metaplasia (From MacLennan 
GT, Resnick MI, Bostwick DG. 
Pathology for Urologists. 
Philadelphia: Saunders; 2003, 
with permission.) 


The other mesenchymal benign tumors exist in the litera- 
ture as sporadic case reports. 


Pathology 

Fibroepithelial Polyp 

e Fibroepithelial polyps are benign neoplasms that are more 
common in the renal pelvis and ureter than in the 
bladder. 

e They occur at all ages and are the most common polypoid 
lesion of the ureter in children. The core of the polyp is 
composed of edematous and vascular stroma containing 
minimal inflammation. Overlying the core is normal 
urothelium (Fig. 8.43). 

e The polyp is usually composed of multiple cores arising 
from a single base. The ureteropelvic junction is a com- 
mon site, and obstruction in this area may occur. 


Leiomyoma 

e Leiomyomas present as small polypoid masses composed 
of interlacing bundles of cells with bland spindle-shaped 
nuclei and eosinophilic cytoplasm. 


Malignant Nonepithelial Tumors (Sarcomas) 


The most common of them is leiomyosarcoma (Fig. 8.44). 
Leiomyosarcomas may arise from renal capsule and renal 
vein. There are sporadic cases of other types of malignant 
mesenchymal tumors, all of which are very rare. Other tumors 
of pelvicaliceal system and ureter include metastasis, lym- 
phoma, and neuroendocrine tumors, which are also very 
rare. 
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Pathology 

Leiomyosarcoma 

e Rarely encountered in the renal pelvis and ureter. These 
tumors are of smooth-muscle origin. Leiomyosarcomas 
are large and infiltrative with variable amounts of nuclear 
pleomorphism, mitotic activity, and necrosis. 

e Myxoid change and vascular invasion are commonly 
observed. Careful dissection is necessary to determine the 
origin of leiomyosarcomas, which can arise from the wall 
of the renal vein. 


Miscellaneous 
Antopol-Goldman Lesion 


General Information 

e Antopol-Goldman lesion (AGL) is characterized by sub- 
epithelial hematomas in the renal pelvis. AGL is a rare 
disorder with unknown etiology. However, its association 
with anticoagulant therapy or vasculitis and analgesic 
abuse has been reported. 

e Patients usually present 
hematuria. 

e AGL mimics transitional cell carcinoma; its recognition 
can prevent unnecessary surgery. Follow-up studies reveal 
resolution of AGL. 


with flank pain and 


Imaging 

Retrograde Pyelography 

e Retrograde pyelography does not show filling defect in 
the collecting system. 
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Fig. 8.44 (a-c) Leiomyosarcoma of the renal pelvis seen as heteroge- 
neous tumor at the right renal pelvis (arrows) with caliceal dilatation, 
indistinguishable from urothelial carcinoma 
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Fig. 8.45 Antopol-Goldman lesion. (a) Abdominal noncontrast CT 
scan of the kidneys shows a central hyperdense left renal mass (arrow) 
adjacent to the renal pelvis, measuring 3.6-3.0 cm with Hounsfield 
units (HU) of 50. Incidentally observed is an exophytic renal cyst 
(asterisk) with HU of 5. (b) Abdominal CT scan of the kidneys in neph- 


Ultrasonography 

e On ultrasound, AGL appears as a mass that is difficult to 
distinguish from renal sinus echogenicity. 

Computed Tomography 

e Unenhanced CT demonstrates hyperdense mass in the 
renal pelvis that does not enhance after intravenous con- 
trast administration after intravenous contrast administra- 
tion (Fig. 5). Displacement of adjacent collecting 
structures may be demonstrated. 


Inflammatory Myofibroblastic Tumor 
(Pseudotumor) of the Ureter 


General Information 

e Inflammatory myofibroblastic tumor (IMT) of the ureter 
is a rare benign condition of the ureter with unknown 
cause (IPT). 


rogenic phases with intravenous contrast media. No enhancement of the 
left renal mass is demonstrated, and its density remained unchanged at 
50 HU. (c) CT with intravenous contrast in the nephrogenic phase 
shows complete resolution of the lesion at follow-up 6 months after 
diagnosis (From Cardin et al. ( ). Reprinted with permission) 


e IMT tends to occur in young patients with a wide age 
distribution. 

e IMT presents as a ureteral mass that mimics malignancy. 

e Histopathologically, IMT is composed of spindle cells 
mixed with variable amounts of extracellular collagen, 
lymphocytes, and plasma cells. 

e Recently, IMT is suggested to be a reactive process includ- 
ing inflammatory response to trauma, infection, or 
malignancy. 


Imaging 

Intravenous Pyelography 

e IVP demonstrates stenosis of involved ureter site. 

e Hydronephrosis may be noted in the setting of ureteral 
obstruction or significant stenosis. 

Retrograde Pyelography 

e Retrograde pyelography reveals stenosis of the ureter with 
regular margins which seems to contrast with imaging 
features of urothelial malignancies of ureter (Fig. ). 
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Fig. 8.46 Inflammatory myofibroblastic tumor. (a) Retrograde pyel- 
ography demonstrates concentric narrowing of proximal ureter and 
severe hydronephrosis (arrow). (b) Axial image of CT urography 
obtained in the delayed phase confirms presence of hydronephrosis on 
the right kidney 
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Computed Tomography 

e CT demonstrates heterogeneously enhancing soft-tissue 
mass encircling ureter. 

e Striation of retroperitoneal fat around the tumoral mass 
may be detected. 
Magnetic Resonance Imaging 

e Mass lesion shows low signal intensity on Tl- and 
T2-weighted images. 

e IMT enhances homogeneously on contrast-enhanced MR 
images. 

e Heavily T2-weighted images can demonstrate ureter as a 
hyperintense tubular structure inside the mass. 
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Renal and Ureteral Trauma 


Mehmet Ruhi Onur and Vikram S. Dogra 


Renal Trauma e Renal vascular injuries occur in 0.05 % of blunt and 
15-33 % of penetrating injuries. Vascular injuries may 
General Information result in occlusion of the renal artery and thrombosis of 


the renal vein. Occlusion of the renal artery secondary to 


Although the kidneys are protected by ribs, muscles, peri- 
toneum, and perirenal fat, renal injury occurs in 8-10 % 
of cases of penetrating and blunt abdominal trauma. 


trauma results from intimal tear and/or dissection of the 
artery followed by platelet aggregation and thrombosis. 
Traumatic renal injuries are classified according to the 


e Blunt trauma accounts for 80-90 % of traumatic renal 
injuries. 

e Renal interventional procedures are considered to be iat- 
rogenic renal trauma. 

e Patients usually present with flank pain and hematuria, 
but poor correlation exists between hematuria and sever- 


appearance of the kidney at surgery, as summarized in 
Table 9.1 and shown in Fig. 9. la—g. 


Box 9.1 Indications for Renal Imaging After Trauma 


ity of injury. The initial manifestations of penetrating e Gross hematuria 
renal trauma may be complications of infection, such as e Rapid deceleration injury 
abscess formation. e Blunt trauma and shock with gross or microscopic 


e Imaging of renal trauma is important for detection of renal hematuria 
pelvis laceration, retroperitoneal hematoma, and urinoma. 
Indications for renal imaging after blunt trauma are sum- 
marized in Box 9.1. 

e Penetrating trauma necessitates renal imaging regardless 
of the presence or absence of hematuria. 

e Microscopic hematuria after trauma is not in itself an abso- AAST classification Description of injury 
lute indication for renal imaging since only 0.1-0.5 % of Grade I 
hemodynamically stable patients who present with micro- 


scopic hematuria have significant urinary tract injuries. 


Table 9.1 Classification of renal injuries secondary to blunt trauma as 
defined by the American Association for the Surgery of Trauma 
(AAST) 


Contusion or non-expanding subcapsular 
hematoma with no laceration. Constitutes 
80 % of patients 


e Contusion, laceration, or total disintegration may occur in Gradë I Non-expanding perirehal hematoma confined 
to the retroperitoneum 
the renal parenchyma secondary to trauma. Laceration <1 cm deep without collecting 
e Tear or disruption of the renal pedicle can be a result from system injury and urinary extravasation 
shearing forces of trauma. Grade III Cortical laceration >1 cm without collecting 
system injury 
Grade IV Laceration: through corticomedullary 
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Fig. 9.1 The AAST grading of renal injury. (a) Grade I, subcapsular 
hematoma (arrow). (b) Grade II, cortical laceration less than 1 cm deep 
(arrow) and perinephric hematoma (arrowhead). (c) Grade III, cortical 
laceration more than 1 cm deep (arrows) and perinephric hematoma. 
(d) Grade IV, laceration extending through the renal cortex, medulla 
(arrows), and collecting system (curved arrow). (e) Grade IV, segmen- 


e Shattered kidney refers to extensive fragmentation of the 
kidney and is usually associated with varying degrees of 
renal parenchyma devitalization (Fig. 9.2a—d). 

e Renal injury caused by trauma is usually treated conserva- 
tively except in cases of severe injury such as pedicle injury 
or complete laceration of the ureteropelvic junction. 


Imaging 


Plain Film Radiography 

e Secondary findings such as rib fractures, asymmetry 
of the soft tissues overlying the flanks, and asymmetry 
of the psoas shadows may suggest possible renal injury. 
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tal infarction caused by thrombosis of segmental renal artery branches 
(arrows). (f) Grade V, shattered kidney. (g) Grade V, avulsion of renal 
hilum that devascularizes the kidney (With permission from Lee YJ, Oh 
SN, Rha SE, Byun JY. Renal trauma. Radiol Clin North Am. 
2007;45:58 1-92) 


Intravenous Pyelography 

e IVP study consists of scout radiograph, one film immedi- 
ately after contrast injection, and another 10 min after 
contrast injection. 

e Blurring of the renal outline or psoas shadow due to peri- 
renal hemorrhage may be seen on IVP. 

e An injured kidney may exhibit delayed, diminished, or 
absent excretion of contrast material. 

e Nonvisualization, contour deformity, or extravasation 
of contrast medium on IVP indicates a major renal 
injury. 

e The use of IVP to evaluate renal trauma has been largely 
supplanted by CT scan, which is the preferred modality 
for this type of study. 
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Fig. 9.2 Shattered kidney (grade V) with ureteropelvic junction lac- 
eration in a 30-year-old man who had an underlying horseshoe kidney. 
(a) Contrast-enhanced axial CT scan in the nephrographic phase shows 
multiple fragments of renal parenchyma (arrows) at the fusion site of 
the two kidneys and a large amount of hematoma in the anterior and 
posterior pararenal spaces, bilaterally. (b) Contrast-enhanced axial CT 
scan shows extravasation of contrast media (arrows). (c) Multiplanar 


Ultrasound 

e Ultrasound detects about 22 % of renal injuries. 

e Ultrasound may reveal renal lacerations, changes in echo- 
genicity of renal parenchyma and/or renal pelvis, and 
decreased echogenicity of perirenal space. 

e Ultrasound reveals free or loculated fluid around the kid- 
ney with variable appearance depending on the type of 
fluid (urine or hemorrhage) (Fig. 9.3). 


reformatted image in the coronal plane in the nephrographic phase 
shows a shattered horseshoe kidney with a large amount of hematoma 
in the perinephric space (arrows). (d) In a volume-rendered oblique 
coronal image, a large volume of contrast media extravasation (arrows) 
from the left kidney is readily apparent (With permission from Lee YJ, 
Oh SN, Rha SE, Byun JY. Renal trauma. Radiol Clin North Am. 
2007;45:58 1-92) 


e FAST scan (focused abdominal sonography for trauma 
scan) is mainly useful in detecting free fluid in the 
abdomen. 

e Negative ultrasound findings do not exclude the possibil- 
ity of renal injury. 

Computed Tomography 

e CT can assess the extent and spatial location of traumatic 
renal injuries. 
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Fig. 9.3 Renal subcapsular hematoma secondary to iatrogenic trauma. 
Sagittal view on gray-scale ultrasound demonstrates subcapsular hema- 
toma (arrows) secondary to ESWL with hypoechoic appearance 


e Parenchymal contusions appear on CT as round or ovoid 
areas of decreased enhancement with ill-defined contours 
(Fig. ). 

e Parenchymal lacerations manifest on CT as hypodense 
linear or wedge-shaped parenchymal defects or clefts 
(Fig. 9 ). If lacerations contain blood clot, they may 
appear as hyperdense parenchymal clefts. 

e Multiple contusions may cause a striated nephrogram 
appearance on contrast-enhanced CT (Fig. 9.6a, b). 

e Subcapsular hematoma appears as an eccentric, hyperat- 
tenuating fluid collection between the renal parenchyma 
and the renal capsule (Fig. ). Subcapsular hema- 
toma may result in perirenal hematoma if the renal cap- 
sule is disrupted. 

e CT can confirm that the collecting system is intact, which 
is a requirement for designating renal injuries as either 
grade II or grade III (Fig. 9.8). 

e Perirenal hematoma is readily visualized by CT. Perirenal 
hematomas cause thickening of the lateroconal fascia, 
compression of the colon, and displacement of the kidney 
(Fig. 9.9). 

e Renal pedicle injuries and extravasation of urine can be 
detected. 

e Associated solid organ injuries can be detected on CT. Fig. 9.4 Renal contusion. (a) Axial and coronal (b) views of contrast- 

e Vascular extravasation may be depicted by CT. enhanced CT demonstrate ill-defined hypodense renal parenchymal 

e Coronal and sagittal reformatted images are helpful to contusion (arrows) in the left kidney. Retroperitoneal hematoma (*) 
determine the severity of injury of the renal pelvis. Sere) a coreg 
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Fig. 9.6 Striated nephrogram in renal trauma. (a) Axial contrast- 
enhanced CT of a patient with trauma demonstrates bilateral striated 
nephrogram in the kidneys representing multiple contusions. 
(b) Follow-up abdominal CT of same patient performed 1 month after 
the trauma reveals disappearance of the striation in renal parenchyma 


Fig. 9.5 Renal laceration. Axial (a) and coronal (b) images of 
contrast-enhanced CT reveal linear hypodense areas (arrows) extending 
through renal parenchyma representing renal laceration 
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Fig. 9.7 Renal subcapsular hematoma. Unenhanced CT. Axial (a), coronal (b), and sagittal (c) planes demonstrate subcapsular hematoma 
(arrows) extending along posterior and inferior contours of the right kidney with hyperdense appearance representing blood 
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Fig. 9.8 Grade II-III renal injury. Axial contrast-enhanced CT reveals 
large areas of renal contusion, without apparent injury to the collecting 
system 


— 


Fig. 9.9 Perirenal hematoma. Axial contrast-enhanced CT demon- 
strates right perirenal hematoma displacing right kidney (arrow) and 
bowel segments anteriorly 


e An initial nonenhanced study can be helpful in detecting 
acute bleeding or intraparenchymal hematoma. 

e The nephrographic phase demonstrates parenchymal 
injuries. 

e Suspicion of renal pelvic and ureteral injury necessitates 
excretory phase CT to detect extravasation of contrast 
material (Fig. 9.10). 

Angiography 

e Ina setting of suspected renal artery injury, angiography 
can be performed to confirm the diagnosis. 

e Embolization of main or segmental branches of the renal 
artery may be required in selected cases of life-threaten- 
ing bleeding secondary to renal artery injury. 

Nuclear Scintigraphy 

e Perfusion and renal function of the kidney can be assessed 
by radionuclide renal scintigraphy. 
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Fig. 9.10 Renal pelvis laceration. Axial contrast-enhanced CT at 
delayed phase reveals laceration of renal pelvis (arrowhead) and con- 
trast extravasation (arrow) 


latrogenic Renal Trauma 


e Iatrogenic renal injuries are typically secondary to inter- 
ventional procedures and ESWL. 

e Renal biopsies may result in perirenal hematoma, lacera- 
tion of the renal artery or its branches, arteriovenous 
fistula, and pseudoaneurysm. 

e ESWL may cause perirenal hematoma (15-30 %), rup- 
ture of the kidney, and kidney laceration (Fig. 9.3). 


Complications of Renal Trauma 


e Early and late complications may occur after renal trauma. 
Early complications are usually evident within the first 
month after trauma and include urinoma formation, peri- 
nephric abscess, sepsis, and delayed bleeding secondary 
to arteriovenous fistula or pseudoaneurysm. 

e Late or delayed complications of renal trauma present more 
than 4 weeks after injury and include hypertension, hydro- 
nephrosis, calculus formation, and chronic pyelonephritis. 


Traumatic Injuries of the Renal Pelvis 
and Ureter 


General Information 


e Ureteral injury is most often iatrogenic. 

e Gynecologic surgery is responsible for more than half of 
all iatrogenic ureteral injuries, and the pelvic portion of 
the ureter is most frequently affected. 
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The most common mechanism of non-iatrogenic ure- 
teral injury is penetrating injury, primarily gunshot 
wounds. 

Injuries at the level of the ureteropelvic junction are most 
often related to blunt trauma. 

Presenting symptoms of ureteral or renal pelvic injury 
may include flank pain, abdominal pain, or unexplained 
fever. Serum blood urea nitrogen and creatinine levels 
may be elevated. 


Imaging 


Ureteral injuries have been classified into five grades, defined 
by the American Association for the Surgery of Trauma- 
Organ Injury Scale (AAST-OIS) (Table 9.2). 

Ultrasound 


Ultrasound is not sufficiently sensitive to demonstrate or 
localize the site of ureteral injury. 

Urinoma resulting from ureteral injury appears on ultra- 
sound as an anechoic fluid collection with posterior 
acoustic enhancement. 


Computed Tomography 


In patients with suspected ureteral injury, CT examination 
should include delayed phases. 

Unenhanced CT images may demonstrate perirenal and 
retroperitoneal fat stranding and fluid collection. 


Table 9.2 The AAST-OIS grades of ureteral injuries 


AAST-OIS classification Description 

Grade I Ureteral contusion 

Grade II Less than 50 % partial transection 
Grade III More than 50 % partial transection 
Grade IV Complete transection 

Grade V Complete transection with extensive 


devitalization 
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Early phase CT is helpful to exclude renal parenchymal 
injury in the presence of perirenal fluid collection. 
Contrast extravasation from the ureter into the retroperito- 
neum can be observed on delayed phase CT (Fig. 9.11a, b 
and 9.12a, b). 

Partial or complete ureteral obstruction may be evident on 
CT scan. 

Predominantly medial perirenal contrast extravasation in 
the absence of renal parenchyma injury should suggest 
renal pelvic or UPJ injury on delayed phase of contrast- 
enhanced CT. 

Contrast material may be observed in the distal ureter in 
the presence of UPJ or proximal ureteral laceration, 
whereas transection of the UPJ prevents urine and con- 
trast material from reaching the distal ureter. Laceration 
of the ureter can be managed by a ureteral stent, but ure- 
teral transection requires surgical repair. 

Urinoma appears on CT as a well-defined hypodense 
fluid collection with the density of water. No contrast 
enhancement is observed within a urinoma on contrast- 
enhanced CT. 


Pearls and Pitfalls 


— 


Penetrating injuries necessitate renal imaging regardless 
of the presence or absence of hematuria. 

Renal vascular injuries occur in 0.05 % of blunt and 
15-33 % of penetrating injuries. 

Renal lacerations contain blood clot and they may present 
as hyperdense parenchymal clefts. 

Predominantly medial perirenal contrast extravasation in 
the delayed phase of a contrast-enhanced CT, in the 
absence of renal parenchyma injury, should suggest renal 
pelvic or UPJ injury. 


—| 


Fig. 9.11 Ureteral injury. Axial CT images (a, b) of a patient with abdominal trauma reveal contrast leakage (arrows) from injured left ureter 
(arrowhead) 
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Fig. 9.12 Ureteral injury during surgery. Axial (a) and sagittal 
(b) contrast-enhanced CT images in the delayed phase demonstrate 
contrast extravasation (arrowheads) from the distal ureter. Contrast 
material (arrow in a) accumulates behind the bladder (Courtesy of 
Ercan Kocakoc, M.D., Istanbul, Turkey) 
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Nonneoplastic Disorders of the Bladder 1 0 


Artur Salmaslioglu, Baris Turkbey, 
Musturay Karcaaltincaba, and Gregory T. MacLennan 


Urachal Abnormalities — Blindly patent urachus (urachal cyst): Cystic 
dilatation of urachal remnant, noncommunicating at 

General Information either end. 
— Alternating urachal sinus: The lumen regresses 
Incidence and Prevalence incompletely and persists as a tract. Infected cellular 
e The urachus is a tubular structure extending from the debris in the canal may become infected and may fol- 
bladder dome to the umbilicus. low the potential lumen to the bladder at one time or 
e It forms a bridge between the allantoic tube and the uri- to the umbilicus at another time, producing intermit- 
nary bladder in embryonic life. tent urinary infection and purulent periumbilical 

e The urachus atrophies before birth and is replaced by the drainage. 


median umbilical ligament. 
e Failure of involution or incomplete involution gives rise 

to urachal abnormalities. Imaging 
Urachal Anomalies 
e Urachal anomalies are rare. They are more frequent in Ultrasound 


males. e Patent urachus is seen as a tubular hypoechoic or anechoic 
e There are five types of urachal anomalies: structure extending from the dome of the bladder to the 
— Patent urachus: Persistent communication between the umbilicus. It is located in the midline, between the pari- 
bladder and the umbilicus. etal peritoneum and the transverse fascia. 
— Unmbilical-urachal sinus: A non-obliterated urachal e Umbilical sinus and vesicourachal diverticulum present 
segment drains as a sinus into the umbilicus. as blind-ending tubular structures adjacent to the umbili- 
— Vesicourachal sinus: A dilated segment of urachus adja- cus and the vesical cavity, respectively. 
cent to and communicating with the vesical cavity. e Urachal cyst presents as anechoic spherical or ovoid 
mass. 


e If infection is present, the echogenicity might be more 
complex and surrounding fat might be inflamed. Wall 
thickness may be increased. 
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Fig. 10.1 Patent urachus. (a) Ultrasonography demonstrates a tubu- 
lar structure (arrow) located in the midline. (b) In the sagittal plane, 
the structure extends from the bladder dome to the umbilicus. There 
is expansion in the cranial direction (left side of the image) and a 


umbilical-urachal sinus, and vesicourachal diverticula can 
be demonstrated on CT. 

e In case of an infection, increased wall thickness and 
increased attenuation compared to water density may be 
present (Fig. 10.2a, b). 

e If malignancy arises in a urachal remnant, a heteroge- 
neously enhancing mass lesion with areas of low 
attenuation (due to mucin content) can be demonstrated. 


hyperechoic structure at this site. (c) Axial plane near the umbilicus 
demonstrates an expanded patent ductus urachus. Fatty tissue around 
the duct is inflamed. A calculus (arrow) can also be seen 


Calcifications are evident in 50-70 % of urachal 
carcinomas. 

Magnetic Resonance Imaging 

e Multiplanar capabilities of MRI may be useful to demon- 
strate the relationship of a urachal remnant to the urinary 
bladder. 

e Diffusion-weighted MRI reveals hindered diffusion in the 


fluid component of urachal cysts. 
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Fig. 10.2 Patent urachus. (a) Enhanced CT examination demonstrates 
a tubular, fluid-filled structure in the midline, in front of the bladder, 
behind rectus muscle (arrow). This finding is consistent with patent 


Pathology 


e In the early fetal stage, the urachus connects the apex of 
the bladder to the allantois, located at the umbilicus. 

e Failure of obliteration of the urachus, which usually 
occurs by the fourth month in utero, produces several 
malformations, which may be complicated by abdominal 
pain, chronic drainage from the umbilicus, infection, 
abscess formation, or stone formation. 

e Completely patent urachus, evident at birth, denotes free 
communication between the bladder and the umbilicus, 
with drainage of urine via the umbilicus. 

e Alternating urachal sinus, which presents after the neona- 
tal period, is a variant of completely patent urachus in 
which loculated infections developing in potential spaces 
along the course of the urachus eventually drain into the 
bladder and via the umbilicus. 

e Incompletely patent urachus may manifest as a blind ura- 
chal cyst, closed at each end of the urachus; an umbilicou- 
rachal sinus, closed at the bladder end and patent at the 
umbilical end; or a vesicourachal sinus or diverticulum, 
patent at the bladder end and closed at the umbilical end 
(Figs. 10.3 and 10.4). Urachal cysts are lined by urothe- 
lium, by glandular epithelium, or by flat cuboidal epithe- 
lium (Fig. 10.5). 

e Urachal adenocarcinoma is considered to be an entity dis- 
tinct from adenocarcinoma arising in bladder mucosa. 

e Diagnostic criteria are strict: 

— It must be located in the dome of the bladder. 

— There must be no cystitis glandularis or intestinal 
metaplasia in the adjacent bladder mucosa. 

— There should be an abrupt transition from normal 
urothelium to adenocarcinoma (Fig. 10.6). 
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urachus. (b) Inflammation of the duct may lead to an increase in wall 
thickness (arrow) and calcification (arrowhead) 


Fig. 10.3 Urachal cyst. This urachal cyst in the bladder dome 
was unroofed during cystoscopy to evaluate microhematuria in a 
45-year-old man, and then subsequently resected surgically, as shown 
in this image. It was unclear whether the cyst had an established pre- 
existing communication with the bladder lumen (Photo courtesy of 
Tom Leininger, M.D.) 


— In addition, origin from an adjacent organ such as 
colon must be excluded. 

e A variety of histologic patterns may be evident microscop- 
ically; mucinous (colloid) carcinoma is most common, but 
other types include enteric type, signet ring cell type and 
adenocarcinoma not otherwise specified (Fig. 10.7). 


Differential Diagnosis 
e Omphalitis 


e Granulation tissue at the umbilical stump 
e Bladder diverticula 
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Fig. 10.4 Urachal cyst. Urachal 
cyst and urachal tract to the level 
of the umbilicus were resected 
(Photo courtesy of Tom 
Leininger, M.D.) 


Fig. 10.5 Urachal cyst. The cyst | wat Se ey =n Fur s = ; Pe LENS 
| og, een 


has a complex architecture. The 
lining epithelium is cytologically 
benign; it is predominantly flat 
cuboidal epithelium, interspersed 
with glandular-type epithelium 


Fig. 10.6 Adenocarcinoma of 
urachus. Tumor was in the dome 
of the bladder. The adjacent 
bladder epithelium showed no s 
abnormalities. No intestinal 
lesions were present 
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Fig. 10.7 Adenocarcinoma of 
urachus. The tumor was a mixture 
of mucinous (colloid) 
adenocarcinoma and signet ring 
cell-type adenocarcinoma 


Pearls and Pitfalls 


e Patent urachus is generally symptomatic in the neonatal 
period. The other urachal abnormalities may present as 
incidental imaging findings in an adult. 

e Of the urachal remnant anomalies, urachal cysts are the 
last to present with symptoms. 

e Patients with urachal remnants may present with urinary 
infection, periumbilical fluid discharge, or a palpable 
lower abdominal mass. 

e Ultrasonography is the first choice of imaging due to the 
lack of radiation and also very high detection rates with 
high frequency transducers. 

e A solitary bladder diverticulum at the anterosuperior wall 
of the bladder should raise the suspicion for a vesicour- 
achal diverticulum, as this is not a typical location for 
acquired bladder diverticula. 

e The development of malignancy in urachal remnants is 
rare. Such malignancies account for less than 1 % of blad- 
der cancers, and 90 % of them arise in the juxtavesical 
portion of the urachus. 


Bladder Herniation 
General Information 


e A portion of the bladder is involved in 1-4 % of inguinal 
hernias. 


e The involvement rate is higher in men older than 50 years 
(10 %). 

e The bladder can also be herniated through the femoral 
canal. 

e Only 10 % of all bladder hernias are diagnosed 
preoperatively. 


Imaging 


Plain Film Radiography 

e Increased soft tissue density in the inguinal and/or scrotal 
region 

Intravenous Pyelography 

e Lateral displacement of the lower 1/3 of one or both 
ureters 

e Small, asymmetrical bladder 

e Incomplete visualization of the bladder base 

e Hydronephrosis if obstruction is present 

Cystography 

e Dumbbell-shaped bladder: Part of the bladder in the pel- 
vis and part in the hernial sac extending to the scrotum 

Ultrasound 

e Cystic structure inside inguinal canal communicating 
with the bladder (Fig. 10.8a). 

e The size might increase with Valsalva’s maneuver (due to 
increased intra-abdominal pressure). 

e Hernias can be reduced spontaneously or by external 
manipulation. 

e Rarely can extend to the scrotum (scrotal cystocele). 
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Computed Tomography 

e Visualization of a portion of the bladder inside the ingui- 
nal or femoral canal. 

e Displacement of the ureter. 

e Multiplanar reformations or three-dimensional recon- 
structions might be useful to demonstrate the connection 
of the cystic structure with the bladder (Fig. ): 

Magnetic Resonance Imaging 

e Similar to CT findings 


Differential Diagnosis 


e Inguinal hernia 
e Rare cases of herniation (herniation of mesenteric dupli- 
cation cyst, synovial cyst, ovarian cyst) 


Pearls and Pitfalls 


e Benign prostatic hypertrophy, because it is a chronic and 
progressive cause of bladder outlet obstruction, might 
play a role in the etiology of herniation by contributing to 
the formation of bladder diverticula, or by causing chronic 
bladder distension due to failure to empty the bladder 
completely with voiding, or by necessitating abdominal 
straining and increased intra-abdominal pressure to 
accomplish voiding. 

e Preoperative imaging should always be used in men older 
than 50 years, presenting with inguinal hernia and obstruc- 
tive lower urinary tract symptoms (nocturia, frequency, 
dysuria). 

e Double micturition due to a delay in the emptying of the 
herniated portion is also an important symptom. 

e In some cases, the hernia might be visible only when the 
patient is standing upright, so IVP (an examination per- 
formed in supine position) might be uninformative, but 
voiding cystourethrography in the same patient might 
demonstrate the pathology. 

e A narrow entrance to the herniated portion may prevent 
passage of the contrast medium to the herniated segment, 
preventing its visualization. 

e Valsalva’s maneuver should be used in sonographic 
examination. 

e Potential complications of bladder herniation include 
stone formation, strangulation with necrosis and 
perforation, vesicoureteral reflux (due to the dis- 
placement of the vesicoureteric-insertion angle), and 
hydronephrosis. 


Fig. 10.8 Herniation of the bladder to the inguinal canal. 
Transabdominal ultrasound (a), corresponding sagittal CT (b), and 
3D-reconstruction CT (ce) demonstrate bladder herniation (arrows) 
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Bladder Diverticulum 


General Information 


A diverticulum is an outpouching of the bladder mucosa 
and submucosa through the muscular layer. It is more fre- 
quent in men older than 50 years, and male-to-female 
ratio is 9:1. 

It is generally asymptomatic. 

The male dominance is mainly due to the presence of 
benign prostatic hypertrophy, an important cause of blad- 
der output obstruction and increased intravesical pressure. 
Most bladder diverticula are acquired. 

Upper neuron-type neurogenic bladder is another less fre- 
quent etiology. 

Certain clinical syndromes are associated with multiple 
bladder diverticula (Williams, Prune belly, Ehlers-Danlos, 
Menkes syndromes). 

Due to urinary stasis, diverticula sometimes contain uri- 
nary stones. 

Chronic stasis may contribute to the development of malig- 
nancy, but the validity of this hypothesis is unproven. 


Imaging 


Intravenous Pyelography 


Contrast-filled single or multiple outpouchings near the 
bladder. 

Filling defects might be present if there is stone formation 
or neoplasm inside the diverticula. 

Cystography 

Contrast filled outpouchings with/without filling defects 
(Fig. 10.9) 


Ultrasound 


The bladder wall may be thickened and trabeculated (due 
to outlet obstruction). 

Anechoic cystic structure near the bladder. 

The communication with the bladder (the neck of the 
diverticulum) should be demonstrated to differentiate 
from other cystic masses (Fig. 10.10). 

Diverticular outpouching may contain stones (hyper- 
echoic structure with acoustic shadowing), hematoma 
(heterogenous avascular echogenicity), or neoplasm. 
Doppler ultrasound may demonstrate the presence of a 
diverticular jet between the bladder and the diverticulum. 
Diverticular jet refers to “to-and-fro” flow between the 
diverticulum and bladder that can be demonstrated on 
color flow Doppler ultrasound. The jet may be periodic, 
due to the pulsations of the iliac artery. 


Computed Tomography 


CT can demonstrate outpouchings with fluid density. The 
neck might not be visible if it is very narrow. 
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Fig. 10.9 Bladder diverticula. Cystography demonstrates the presence 
of a diverticulum at the upper-left portion of the bladder as a contrast- 
filled outpouching 


If contrast material has been administered, delayed images 
may demonstrate filling of the diverticulum. 

Neoplasms may be recognizable as mucosal thickenings 
or as enhancing mass lesions (Fig. 10.11). 


Magnetic Resonance Imaging 


Outpouching filled with fluid near the bladder. Hypointense 
on T1-weighted images and hyperintense on T2-weighted 
images. 

On T2-weighted images, signal loss may be seen due to 
urine motion between the diverticulum and bladder. 


Pathology 


Bladder diverticulum is an outpouching of bladder mucosa 
between the fibers of the detrusor muscle, forming a cav- 
ity outside the confines of the bladder, not lined by muscle 
(Figs. 10.12 and 10.13). 

It is commonest in older men, and usually attributed to high 
voiding pressure induced by bladder outlet obstruction. 
Those occurring in children are attributed to localized 
failure of detrusor muscle development. 

Diverticula develop most commonly in the region of the 
ureteral orifices, and can contribute to vesicoureteric 
reflux. 

Large diverticula can result in residual urine after voiding, 
and can contribute to urinary infection and stone 
formation. 
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Fig. 10.10 Bladder diverticula. (a) Gray-scale ultrasound demon- 
strates a small, tubular bladder diverticula, with a narrow neck. (b) A 
large diverticula 


Fig. 10.11 Neoplasia in bladder diverticula. CT examination demon- 
strates an enhancing mass lesion within a bladder diverticula at the left 
base of the bladder. Pathologic examination revealed the mass to be 
transitional cell carcinoma (Courtesy of Prof. Dr. Arzu Armagan 
Poyanlhi, Istanbul University, Istanbul Faculty of Medicine, Department 
of Radiology) 
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Fig. 10.12 Bladder diverticulum. This is a cystoscopic photo taken 
near the os of a diverticulum, showing its interior; the diverticulum lies 
outside the normal confines of the bladder. The os represents a defect in 
the muscular wall of the bladder (Image courtesy of Allen Seftel, M.D. 
From MacLennan GT, Cheng L, Atlas of genitourinary pathology. New 
York: Springer; 2011. Reprinted with permission) 
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Fig. 10.13 Bladder diverticulum. The arrow indicates a thin-walled 
diverticulum (black arrow). Surgery was performed for treatment of 
deeply invasive high grade urothelial carcinoma, indicated by the green 
arrow, that involved the bladder as well as the diverticulum (From 
MacLennan GT, Cheng L. Atlas of genitourinary pathology. New York: 
Springer; 2011, with permission) 
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Fig. 10.14 Bladder diverticulum. 
The wall of the diverticulum 
shown in Fig. 10.13 was infiltrated 
by carcinoma. Black arrows 
indicate surface of the lumen of 
the diverticulum; red arrows 
indicate the outer wall. No muscle 
is present in the wall of the 
diverticulum 


Carcinoma sometimes develops within diverticula, usu- 
ally urothelial carcinoma, but rarely squamous cell carci- 
noma (Fig. 10.14). 


Differential Diagnosis 


Urachal remnant 

Paraovarian cysts 

Everted ureterocele 

Cysts of the seminal vesicle, ejaculatory duct, or utricle 


Pearls and Pitfalls 


Diverticula due to bladder outlet obstruction, such as 
benign prostatic hyperplasia, are generally located at the 
posterolateral wall of the bladder. 

A single diverticulum at the dome of the bladder should 
raise suspicion for a urachal abnormality, such as vesicou- 
rachal diverticulum. 

A full bladder may compress the diverticulum and ham- 
per its visualization. As the diverticulum is devoid of 
muscle in its walls, it cannot contract during micturition, 
so residual urine in the diverticulum can often be 
observed in a post-void examination, facilitating its 
detection. 
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If there is no periodical jet on color flow Doppler exami- 
nation, the bladder can be compressed externally to induce 
the jet. 

Imaging in oblique planes might be required in IVP or 
cystography to demonstrate the diverticulum neck. 


Bladder Calculi 


General Information 


Bladder calculi constitute 5 % of all urinary tract calculi. 

They are more frequent in men. 

Symptoms include intermittent urinary stream, hematu- 
ria, urinary tract infections, and pelvic pain. 

They are generally solitary but may be multiple in 25 % of 
cases. 

While some calculi are the result of the passage of kidney 
stones from upper urinary tract, it is likely that the major- 
ity of them are generated in the bladder. 

Voiding difficulties (benign prostatic hyperplasia, ure- 
thral strictures, neurogenic bladder), foreign bodies (for- 
gotten pigtail catheters), bladder augmentation procedures, 
and surgical procedures to relieve urinary incontinence 
are all associated with the development of bladder 
calculi. 

In the pediatric population, nutritional deficiencies are an 
important etiologic agent. 


Fig. 10.15 Bladder calculi. Ultrasound demonstrates multiple bladder 
calculi with smooth contours and acoustic shadowing 


e In the United States, calcium oxalate is the most frequent 
component of bladder calculi, whereas in Europe, uric 
acid and urate stones are more common. 


Imaging 


Plain Film Radiography 

e Radiopacity, thus detectability, depends on the composi- 
tion of the stone. 

e Calcium oxalate stones are radiopaque; urate stones are 
radiolucent. 

e Spherical or ovoid, smoothly contoured or faceted opac- 
ity, typically in the midline. 

Intravenous Pyelography 

e Bladder calculi may be visible in plain films if 
radiopaque. 

e Filling defect inside the bladder in cystogram phase. 

Ultrasound 

e Crescent-like echogenic focus with acoustic shadow 

e Typically mobile if the patient changes his/her 
position. 

e Signs of obstruction may be evident (increased bladder 
wall thickness, prostatic hyperplasia) (Fig. 10.15). 

Computed Tomography 

e On CT, the majority of bladder calculi are radiopaque, 
regardless of their composition (exceptions include drug 
related calculi such as indinavir stones, which are radiolu- 
cent on CT) (Fig. 10.16). 

Magnetic Resonance Imaging 

e Signal void in all sequences. May be more apparent in 
T2-weighted sequences due to hyperintense urine 
(Fig. 10.17a, b) 
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Fig. 10.16 Unenhanced CT examination reveals multiple calculi in 
the bladder (arrow). Majority of calculi are radiopaque in CT 
examinations 


Pathology 


e Bladder calculi are readily identified endoscopically. 
Endoscopy may also disclose other signs of voiding dys- 
function, such as trabeculation of the bladder wall, or the 
presence of bladder diverticuli (Fig. 10.18). 


Differential Diagnosis 


e Fungus ball 

e Debris — hematoma 
e Phleboliths 

e Bladder neoplasia 


Pearls and Pitfalls 


e In adults, the diagnosis of a bladder calculus should 
prompt further diagnostic workup to clarify the etiology, 
as it has to be corrected to prevent further stone formation 
following therapy. 

e Tf the calculus is not located in the midline, the differen- 
tial diagnosis should include calculus in a diverticulum or 
in an ureterocele. 

e While the majority of calculi are mobile, they may adhere 
to the bladder wall due to chronic inflammation (“hanging 
bladder stone”). 

e If color flow Doppler is used, twinkle artifact might be 
visible. 

e Chronic irritation may play a role in the development of 
malignancy, and bladder malignancies sometimes have 
calcified components, so the bladder walls should be 
examined carefully to exclude malignancy. 
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Fig. 10.17 Bladder stone. (a) T2-weighted axial MR examination dem- 
onstrates multiple hypointense calculi inside the bladder lumen. 
T2-weighted sequences are very useful to demonstrate calculi due to 
contrast difference created by the hyperintense urine. Bladder wall trabe- 
culation can also be noted. (b) T2-weighted sagittal MR examination of 
the same patient (Courtesy of Prof. Dr. Arzu Armagan Poyanhi, Istanbul 
University, Istanbul Faculty of Medicine, Department of Radiology) 
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Fig. 10.18 Bladder calculus. This is a cystoscopic view of a calculus 
in the bladder. The bladder wall shows marked trabeculation, suggest- 
ing that the patient suffered from bladder outlet obstruction (From 
MacLennan GT, Cheng L. Atlas of genitourinary pathology. New York: 
Springer; 2011, with permission) 


Bladder Fistulae 
General Information 


e A fistula is an abnormal communication between the 
bladder and another site, such as the skin (vesicocutane- 
ous fistula), bowel (enterovesical fistula), and vagina 
(vesicovaginal fistula) or other female reproductive organs 
(e.g., vesicoadnexal fistula). 

e The majority of enterovesical fistulae (50-60 %) are due 
to diverticulitis, and the most common form of fistula in 
this setting is colovesical (colovesical fistula develops in 
approximately 2 % of patients with diverticular disease). 

e Less frequent forms of enterovesical fistulae are rectove- 
sical, ileovesical, and appendicovesical fistulae. 

e Crohn’s disease, which accounts for about 10 % of 
enterovesical fistulae, is the most common cause of 
ileovesical fistulae. 

e Twenty to 25 % of enterovesical fistulae are due to intes- 
tinal malignancies (especially colonic). 

e Vesicovaginal fistula is mainly due to prolonged labor in 
developing countries and in some populations, its inci- 
dence is very high (2-3 per 1,000 women). 
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e In developed countries the incidence of vesicovaginal 
fistula is significantly lower and surgery and radiotherapy 
constitute the main etiologies. 

e Chronic bladder calculi may also play a role in the devel- 
opment of bladder fistula. 


Imaging 


Plain Film Radiography 

e May demonstrate air in the bladder lumen 

e Bladder calculi (might be an etiologic agent) 

Barium Enema 

e Limited value (demonstrates only 35 % of enterovesical 
fistulae) 

e Barium-filled fistula tract 

e Barium in the urine (radiography of centrifuged sample 
may demonstrate small quantities) 

Intravenous Pyelography 

e Not sensitive enough to demonstrate vesicovaginal 
fistulae. 

e However, it might be useful to exclude concomitant ure- 
terovaginal fistulae (present in 10 % of cases). 

Ultrasound 

e In vesicovaginal fistulae, large defects can be easily 
demonstrated. 

e Fluid-filled vagina 

e Transvaginal ultrasound is useful to demonstrate smaller 
defects. 

e Color flow Doppler ultrasound can demonstrate a flow jet 
at the level of fistula (Fig. 10.19). 

e Fistula tract may be demonstrable in enterovesical 
fistulae. 


Fig. 10.19 Vesicovaginal fistula. Color flow Doppler ultrasound can 
be useful to detect small vesicovaginal fistulae. External manual com- 
pression of the bladder creates a flow jet from the bladder to the vagina 
through the defect 
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Computed Tomography 

e Delayed-phase contrast-enhanced CT may demonstrate 
contrast material in the vagina. 

e Air in bladder lumen, focal wall thickening. Presence of 
air within the bladder in the absence of instrumentation is 
usually secondary to enterovesical fistula. 

Magnetic Resonance Imaging 

e Tl-weighted images may demonstrate the fistula as well 
as inflammatory changes in fat planes (Fig. 10.20a-c). 

e T2-weighted images may be useful in localizing fluid 
collections and in detecting inflammatory changes in 
muscles. 


Pathology 


e Although the diagnosis of fistula is fairly straightforward 
clinically and radiologically, it is usually very difficult to 
identify the actual fistula tract in a surgically resected 
specimen (Fig. 10.21). 


Differential Diagnosis 


e Urethrovaginal or ureterovaginal fistulae 


Pearls and Pitfalls 


e Colovesical fistulae are more common in males (male/ 
female ratio: 3:1) due to the interposition of uterus and 
adnexa between the colon and bladder in females. In 
women with a history of hysterectomy, the frequency is 
similar with males. 

e Lateral views are required in IVP or barium enema stud- 
ies to enhance demonstration of the fistula tract. 

e Sagittal reconstructions of CT or MR images may be 
helpful. 

e During ultrasonography, manual compression of the lower 
abdomen may induce flow in the fistula, which can be 
detectable by B-mode or color flow imaging. 

e Ifavailable, instillation of a small quantity of microbubble 
contrast agent might enhance flow in the fistula tract. 


Bladder Wall Thickening 
General Information 
e Bladder wall thickening is associated with bladder outflow 


obstruction (benign prostatic hyperplasia (BPH), infec- 
tious/inflammatory conditions, prolonged mechanical 
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Fig. 10.20 Vesicovaginal fistula. (a) Contrast-enhanced T1-weighted 
axial MR image demonstrates a vesicovaginal fistula (arrow). (b) 
Delayed-phase contrast-enhanced T1-weighted axial MR image dem- 
onstrates the presence of contrast material inside the vagina (arrow). (c) 
Delayed-phase contrast-enhanced, sagittal, T1-weighted fat-suppressed, 
spoiled gradient-echo sequence demonstrates a narrow fistulous tract 
(arrow) between the bladder and the vagina (Courtesy of Dr. Baris 
Bakır, Istanbul University, Istanbul Faculty of Medicine, Department of 
Radiology) 
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irritation (chronic calculi, catheters), or neurogenic 
conditions). 

e Infectious/inflammatory conditions include acute bacte- 
rial cystitis, emphysematous cystitis, hemorrhagic cysti- 
tis, tuberculous cystitis, schistosomiasis, eosinophilic 
cystitis, and fungal infections. 

e Acute bacterial cystitis is more common in women than in 
men due to shorter urethral length. 

e Emphysematous cystitis is more frequent in patients with 
diabetes mellitus. 

e Immunosupression is a predisposing factor for fungal 
cystitis. 


Imaging 


e Wall thickening can be focal or diffuse. In diffuse forms, 
the thickness might be uniform or more pronounced in 
certain regions. 

e While imaging modalities are helpful in detecting 
increased bladder wall thickness, it may be difficult to 
make a specific diagnosis due to overlapping findings in 
different pathologic conditions. 

e Mechanical obstruction (BPH, neurogenic bladder) causes 
muscular hypertrophy, followed by formation of trabecula 
and pulsion diverticula. 

e The presence of gas in bladder wall is pathognomonic for 
emphysematous cystitis. 

e The differential diagnosis of bladder wall calcification 
includes tuberculosis, schistosomiasis, and alkaline- 
encrusted cystitis (alkalinization of the urine and dystro- 
phic calcification due to urea-splitting organisms). 

Plain Film Radiography 

e May demonstrate air in the bladder wall in emphysema- 
tous cystitis. 

e Radiopaque bladder calculi may be visible. 

e Bladder wall calcifications can be demonstrated. 

Intravenous Pyelography 

e Bladder wall may be irregular and trabeculated. Diverticula 
may be evident as small or large outpouchings. 

e A bulky prostate gland protruding upward into the vesical 
cavity may be evident. 

e Calculi are detected as filling defects. 


Ultrasound 

e Focal or diffuse increase in wall thickness (Fig. 10 ) 

e Prostatic enlargement with or without protrusion into the 
bladder cavity 

e Trabeculation and formation of pseudopolyps 
(Fig. ) 


e Echogenic foci with acoustic shadowing (calcification) in 
bladder wall 

e Echogenic foci with ring-down artifact (gas) in bladder 
wall 


292 


Fig. 10.21 Colovesical fistula. 
The patient had colonic 
adenocarcinoma, which invaded 
the dome of the bladder, shown at 
upper left. The metal probe 
delineates the course of the fistula 
tract. The bladder and colon are 
densely adherent to one another. 
Although the diagnosis of fistula 
is fairly straightforward clinically 
and radiologically, it is usually 
very difficult to identify the actual 
fistula tract in a surgically 
resected specimen (Image 
courtesy of Michelle Stehura, 
M.D.) 


e Echogenic debris (in hemorrhagic cystitis and infectious 
cystitis) 

e Hyperechoic calculi with acoustic shadowing 

Computed Tomography 

e CT demonstrates increased wall thickness and edema in 
the bladder wall. 

e A contracted bladder with irregularly thickened wall may 
represent a number of etiologic causes, including neuro- 
genic bladder and interstitial cystitis. 

e Effective in demonstrating gas in bladder wall and 
calcifications (Fig. 10.23). 


Pathology 

e Bladder wall thickening is a nonspecific finding on gross 
inspection, and is indicative of a wide variety of possible 
etiologies (Fig. 10.24) 

Differential Diagnosis 


e Bladder tumors 
e Inadequate filling of the bladder 


Pearls and Pitfalls 


e The thickness of the bladder wall varies with its degree of 
distension. 
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e The thickness decreases until it contains about 200-250 ml, 
at which point bladder wall thickness tends to remain 
constant. 

e Adequate distension prior to examination is important to 
avoid false positive results. 

e The majority of cases of acute cystitis have no significant 
imaging findings. 

e Intravesical instrumentation can introduce air into the blad- 
der lumen. It should not be mistaken for intramural gas. 

e Detection of a fungus ball is pathognomonic for fungal 
cystitis. 

e The use of cyclophosphamide can trigger hemorrhagic 
cystitis. 

e Chronic tuberculosis, schistosomiasis, and many other 
pathologic conditions of the bladder can result in dimin- 
ished bladder volume. 


Malakoplakia 
General Information 


e Malakoplakia is an uncommon granulomatous 
inflammatory disease that can develop in a number of 
anatomic sites, but most commonly occurs in the urinary 
tract; at least 40 % of cases involve the urinary bladder. 

e The upper urinary tract is involved in 25 % of patients 
with bladder malakoplakia. 

e Due to lysosomal dysfunction, bacteria ingested by mac- 
rophages do not undergo the usual sequence of breakdown 
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Fig. 10.22 Neurogenic bladder. (a) Sagittal ultrasound demonstrates 
diffuse and smooth thickening of the bladder wall. (b) Diffuse trabecu- 
lations and small diverticular outpouchings indicate a chronic obstruc- 
tive etiology. (c) Transabdominal sagittal ultrasonogram in neurogenic 
bladder demonstrates irregular diffuse wall thickening with trabecula- 
tions and the typical “Christmas tree” shape (arrow) 


Fig. 10.23 Emphysematous cystitis. Enhanced CT demonstrates gas 
within the bladder wall (arrow) in this patient with diabetes mellitus. 
The lumen also contains free gas (Courtesy of Dr. Baris Bakır, Istanbul 
University, Istanbul Faculty of Medicine, Department of Radiology) 


Fig. 10.24 Bladder wall thickening. Autopsy specimen of a young 
child with posterior urethral valves, causing marked bladder thickening 
and bilateral renal dysplasia (From MacLennan GT, Cheng L. Atlas of 
genitourinary pathology. New York: Springer; 2011, with permission) 


and lysosomal expulsion. The breakdown products are 
retained within phagolyzozomes. Aggregates of dysfunc- 
tional macrophages form plaques or tumor-like masses. 

e Malakoplakia is more often seen in females, with female- 
to-male ratio of 4:1. 

e Diabetic and immunocompromised patients are more 
commonly affected by the disease. 

e Patients present with symptoms and signs of urinary tract 
infection, including hematuria. 

e At cystoscopy, mural nodules or plaques are noted, which 
may mimic malignancy. (Fig. 10.25). 
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Fig. 10.25 Malakoplakia of the bladder. Endoscopic image showing 
intravesical nodules in a woman with a long history of recurrent urinary 
infection, and recent hematuria (From MacLennan GT, Resnick MI, 
Bostwick DG. Pathology for urologists. Philadelphia: Saunders; 2003. 
with permission) 


Imaging 


Intravenous Pyelography and Cystography 

e Tumor-like, mucosa-based filling defects in the bladder 
usually less than 1 cm in diameter. 

e Bladder base is more frequently involved. 

Ultrasound 

e Ultrasound may demonstrate solitary or multiple sessile 
or nodular masses in the bladder with varied echogenicity 
(Fig. 10.26). 

e Color flow Doppler ultrasound reveals vascularity in the 
nodules. 

e Involvement of ureterovesical junction may cause ureteral 
dilatation. 

Computed Tomography 

e CT reveals mildly enhanced mass in the bladder wall with 
or without extension into the surrounding pelvis. 

Magnetic Resonance Imaging 

e Solitary and multiple nodules with low signal intensity on 
T1- and T2-weighted images 

e Delayed enhancement after gadolinium administration 
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Fig. 10.26 Malakoplakia of the bladder. Ultrasound image of the 
lesion shown in Fig. 10.25. A nodule is present, raising concern for a 
neoplasm 


Pathology 


e The bladder wall may become macroscopically thickened, 
with areas of plaque or nodule formation. 

e The plaques represent mucosa that is expanded by aggre- 
gates of histiocytes with the lysosomal dysfunction 
described above. 

e The urothelium often becomes extensively denuded. 

e The lamina propria becomes diffusely infiltrated by von 
Hansemann histiocytes — macrophages with abundant 
granular cytoplasm. Many of these macrophages contain 
Michaelis-Gutman bodies which are target-like structures 
formed by deposition of calcium and iron phosphate on 
undigested bacterial components within phagolysosomes 
(Fig. 10.27). 
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Fig. 10.27 Malakoplakia of the 
bladder. Arrows indicate targetoid 
Michaelis-Gutman bodies within 
macrophages (von Hansemann 
histiocytes) 
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Introduction 


e Bladder carcinomas account for nearly 5 % of all new 
neoplasms and nearly 2 % of cancer deaths in the United 
States of America. The male-to-female ratio is 4:1, and 
the peak incidence is in the sixth to seventh decades. 

e Clinically, bladder tumors frequently present with gross 
and painless hematuria, but patients may also experi- 
ence voiding symptoms such as frequency, dysuria, and 
pelvic pain. 

e The diagnosis is usually made by endoscopic biopsy or 
transurethral resection of the tumor. Histological evalua- 
tion is sufficient for grading and staging most tumors, but 
in cases of deeply infiltrative cancer or those arising in a 
diverticulum, radiologic imaging modalities are employed 
for more accurate assessment of the extent of disease. 


Bladder Tumor Types 


e Histologically, the bladder wall consists of epithelium, lam- 
ina propria, and detrusor muscle, surrounded by soft tissues, 
which are covered by peritoneum in some areas. Most blad- 
der neoplasms are of epithelial or mesenchymal origin. 

e More than 95 % of bladder neoplasms are malignant, 
and the majority of these tumors are epithelial in origin. 
The great majority of these tumors are urothelial (transi- 
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tional cell) carcinoma (90 %), while other subtypes are 
squamous cell carcinoma (3-7 %), adenocarcinoma 
(0.5-2 %), and small-cell carcinoma (<0.5 %). 
Malignant nonepithelial tumors may be categorized as 
primary (such as rhabdomyosarcoma and leiomyosar- 
coma) and secondary (such as vascular metastases, lym- 
phoma, leukemia, and cancers involving the bladder by 
direct extension). 

Morphologically, the most frequent types of tumors are 
polypoid (80 %), sessile (15 %), and diffuse wall thicken- 
ing (5 %). 


Imaging Findings and Pathological Features 


Transitional Cell Carcinoma 


General Information 


Bladder transitional cell carcinomas occur 50 times more 
common than renal pelvic tumors. TCCs constitute 90 % 
of all bladder tumors and are characterized by multifocal- 
ity and high recurrence rates. Evaluation of whole urinary 
tract and close follow-up of patients with bladder TCC are 
essential since 4 % of patients with superficial bladder 
cancer are at risk for synchronous and metachronous 
upper urinary tract tumors. 

The majority of the cases with bladder tumors are asso- 
ciated with chronic urinary tract infection, urinary 
schistosomiasis, cigarette smoking, aromatic amines, 
and phenacetin abuse. 

IVP, cystography, ultrasound, CT, CT cystography, and 
MRI can be used to evaluate bladder tumors. 


Imaging 
Plain Film Radiography 


Calcifications related to bladder cancer are rarely visible 
at plain film radiography. Therefore, plain radiography is 
of limited use in cases with bladder cancer. 
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Fig. 11.1 Transitional cell carcinoma. IVP shows large filling defect 
in the left side of the bladder (arrow). Confirmed on postoperative 
histological evaluation 


Fig. 11.2 Transitional cell carcinoma. Gray-scale ultrasound shows 
two solid papillary masses protruding into the bladder lumen (arrows) 


Intravenous Pyelography 


Although IVP is usually performed to detect synchronous 
tumors of the upper urinary tract, retrograde urography is 
an alternative procedure. 

On IVP, bladder tumors are observed as filling defects or 
wall irregularities (Fig. ). 

IVP has a low sensitivity of 25 % for the detection of 
bladder neoplasms less than 5 mm in 
diameter.Ultrasonography 

On ultrasound, bladder tumors appear as echogenic struc- 
tures protruding into the anechoic bladder lumen or local 
wall thickening (Figs. and ). 


Fig. 11.3 Transitional cell carcinoma. Gray-scale ultrasound shows 
focal bladder wall thickening (arrow) 


e Although a hematoma in the bladder lumen will have the 
same appearance, hematoma will change its position in 
the bladder when the patient turns right or left (Fig. ), 
but tumor will not. 

e Technically, the tumors located at the anterior wall of 
bladder are difficult to evaluate with ultrasound because 
of the reverberation artifacts. 

e Detection rates by ultrasound are significantly lower for 
lesions less than 5 mm in size. Presence of calcification in 


the tumor can be determined by ultrasound (Fig. ). 
The presence of ureteral obstruction strongly suggests the 
presence of muscle invasion (Fig. 11.6). 


e Bladder neoplasms located in the bladder neck area may 
be better detected with transrectal ultrasound (TRUS) 
(Fig. ). 

e Color flow Doppler ultrasound is helpful in eliciting blood 
flow within the bladder mass. Presence of blood flow 
within the mass does not correlate with stage or grade of 


tumor (Figs. and ). 
e Three-dimensional imaging provides better spatial local- 
ization of bladder tumors (Figs. and ). 
Computed Tomography 


e Overall reported accuracy of CT, for the detection of blad- 
der tumors, varies from 60 to 95 %. CT helps in the rec- 
ognition of local spread, lymphadenopathy, metastatic 
disease, and synchronous lesions in the bladder, ureter, 
and kidney. 

e OnCT, urothelial carcinoma appears as intraluminal papil- 
lary or nodular masses or focal wall thickening (Figs. 
and ). In some cases, the intraluminal surface of the 
tumor may be encrusted with fine calcifications. 
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Fig. 11.6 Gray-scale ultrasound reveals a bladder tumor (M) which 
obstructs the right ureteric orifice and results in ureteral dilatation 
(arrows). This suggests the presence of muscle invasion 


Fig. 11.4 Blood clot. (a) Gray-scale ultrasound shows a solid mass 
(arrow) at the posterior wall of the bladder. (b) The mass changes position 
when the patient turns right confirming it to be a blood clot (arrow in b). 
In addition, transitional cell carcinoma is also seen (dashed arrow in b) 


Fig. 11.7 Transrectal ultrasound; a large papillary bladder tumor 
(arrow) located at the bladder neck 


Fig.11.5 Ultrasound reveals typical surface calcifications (arrow) of a 
bladder tumor 
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Fig. 11.8 Transitional cell 
carcinoma. (a) Gray-scale 
ultrasound shows a papillary 
tumor located on the posterior 
wall of the bladder. (b) Color 
flow Doppler ultrasound 
differentiates tumor from a blood 
clot (coagulum) by 
demonstrating blood flow within 
the mass 


Fig. 11.9 Bladder tumor. Solid lesion located on the bladder base, 
intratumoral vascularization at power Doppler ultrasound aids in the 
differentiation of blood clot from bladder tumor 


e The nephrographic phase (100—120-s delay) is the best 
for the evaluation of bladder tumor enhancement pattern 
(Fig. ). 

e Computed tomography cystography is usually used to 
assess bladder trauma but can be used in the evaluation of 
bladder tumors. It is performed by instillation of contrast 
material into the bladder lumen via urethral or suprapubic 
catheter. 
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e The tumoral mass can be detected as soft tissue filling 


defect in the contrast material-filled hyperattenuating 
lumen on CT cystogram (Figs. and ). 
Tumoral invasion of perivesical tissues can be demon- 
strated in addition to intraluminal tumor involvement on 
CT cystography (Fig. ). 

Unfortunately, it is impossible to resolve the bladder wall 
layers as lamina propria and muscle or to differentiate 
between the superficial and deep muscle layers despite 
the development of current CT techniques. Consequently, 
CT cannot accurately determine the depth of bladder wall 
invasion, i.e., differentiation of stage T1 from stage T2 or 
differentiation of stage T2a from stage T2b disease, but it 
can distinguish stage T3b or higher stage tumors with 
reported accuracies of 83-93 %. 

Stage T3b tumors result in an irregular outer bladder wall 
abnormality or soft-tissue infiltration or stranding into the 


perivesical fat (Fig. ). 
In the presence of invasion into adjacent organs, the tumor 
is classified as stage T4 disease (Fig. J: 


CT cannot distinguish between reactive or neoplastic 
perivesical infiltration. 


Magnetic Resonance Imaging 
e The accuracy of MRI in the staging of bladder cancer is 


reported to be 10-33 % higher than those obtained on CT. 
In general, the reported accuracy of MRI in overall stag- 
ing varies from 60 to 90 %, whereas that of local staging 
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Fig. 11.10 Volume-rendered 3D 
ultrasound shows a polypoid 
bladder tumor (arrow) on the 
right lateral wall of the bladder 
(Courtesy of Ercan Kocakog, 
M.D., Istanbul, Turkey) 


varies from 73 to 96 %. The accuracy of gadolinium- 
enhanced MRI for staging extravesical extension is 
between 73 and 100 %. 

e CT and MRI are usually used to evaluate extravesical 
extension and/or to stage the tumor. Early microscopic 
extravesical invasion (stage T3a) cannot be reliably 
detected by CT or MRI. Late macroscopic extravesical 
extension of disease (stage T3b) is diagnosed by CT and 
MRI as an irregular ill-defined outer wall of the bladder 
with/without linear stranding or nodules. Importantly, an 
enhancing mass involving the bladder wall and adjacent 
structures strongly suggests the presence of the tumor 
invasion. 

e Dynamic MRI may be useful in the evaluation of bladder 
tumors with staging accuracy ranging from 60 to 90 %. 

e The tumor appears intermediate in signal intensity on 
T1-weighted MRI, and gadolinium-enhanced T 1-weighted 
image shows an intense and immediate enhancement of 
the tumor tissue (Fig. 9). Typically, the tumor 
enhances earlier than the normal bladder wall due to neo- 
vascularity. The tumor tissue is intermediate in signal 
intensity, greater than the normal musculature, on 
T2-weighted MRI sequence (Fig. D). 
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On T2-weighted MRI, the preservation of the low-signal 
bladder wall adjacent to the tumor tissue suggests the 
presence of a superficial tumor component, and any dif- 
ference in the signal intensities between the inner and 
outer layers of the muscularis propria may help in the 
assessment of tumor depth (Figs. and ). 
Invasion of the tumor into the surrounding visceral organs 
like prostate, uterus, or vagina is also better appreciated 
on T2-weighted and contrast-enhanced T1-weighted MRI 
sequences (Fig. ). 


Virtual Cystoscopy Techniques 


In patients with severe urethral strictures or in the pres- 
ence of active bleeding, virtual cystoscopy is an alternate 
technique. 

Virtual cystoscopy is limited in detection of flat tumors 
and differentiation of small tumors from mucosal edema 
or vesical muscle trabeculation. 


Nuclear Scintigraphy 


Nuclear scintigraphy is of limited value in evaluating 
the presence or absence of bone metastases in cases of 
invasive bladder carcinoma. 

Characteristically, bone scintigraphy may demonstrate 
metastatic foci with increased or decreased activity. 
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Fig. 11.11 Bladder tumor. Gray-scale ultrasound shows two polypoid shows lesions with poorly defined borders that are nearly identical to 
lesions on the posterior wall of the bladder. Multiplanar reconstruction those seen on gray-scale images (Courtesy of Ercan Kocakog, M.D., 
imaging (top left, transverse; top right, sagittal; and bottom left, coronal) Istanbul, Turkey) 
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Fig. 11.15 Bladder tumor. Late-phase contrast-enhanced axial CT; 
tumor on the left posterior wall seen as a filling defect in the contrast 
Fig. 11.12 Transitional cell carcinoma. Contrast-enhanced axial CT material-filled bladder lumen 

shows enhancing papillary lesions (arrows) with fine surface 

calcifications, located on the anterior and lateral wall of the bladder 


Fig. 11.16 Bladder tumor on CT cystogram. CT cystogram image 
Fig. 11.13 Transitional cell carcinoma. Contrast-enhanced axial CT Obtained after filling of bladder lumen with contrast material demon- 
shows focal bladder wall thickening (arrow), with enhancement strates a mass lesion in the anterior wall of bladder with extension in to 
the extravesical fat tissue (arrowhead) 


Fig. 11.14 Transitional cell carcinoma. Axial contrast-enhanced CT 

through bladder demonstrates enhancing right lateral bladder wall Fig.11.17 Bladder tumor. Contrast-enhanced axial CT reveals enhanc- 

tumor (arrow) ing tumor (arrow) on the left lateral wall of the bladder with perivesical 
stranding and wall irregularity; suspected perivesical invasion 
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Fig. 11.18 Axial contrast-enhanced CT through bladder demonstrates 
invasive bladder carcinoma located on the base of the bladder with 
cervical and vaginal invasion (arrow) 


wks le 


Fig. 11.20 Transitional cell carcinoma. Sagittal FSE T2-weighted 
MRI shows that lesion (arrow) has a low- to intermediate-signal inten- 
sity and that the muscular layer is not invaded by the tumor tissue 


Fig. 11.19 Transitional cell carcinoma. Axial T1-weighted fat-saturated 
postcontrast MR image obtained with gradient echo sequence shows a 
polypoid mass lesion (arrow) arising from the posterolateral wall of the 
bladder. Bladder mass demonstrates marked enhancement and that the 


integrity of the muscular layer is preserved Fig. 11.21 Transitional cell carcinoma. Axial FSE fat-saturated 
T2-weighted MRI shows that the mass lesion (arrow) has a moderate 
intensity and the integrity of the muscular layer is preserved 


e Positron emission tomography (PET) may be useful in Pathology 
the lymph node staging and may also be useful in differ- | Urothelial Carcinoma In Situ 
entiating tumor recurrence from postradiation fibrosis. e° Urothelial carcinoma in situ (CIS) is a flat intraepithelial 
FDG-PET may also be used to detect distant organ metas- carcinoma. CIS is characterized by flat disordered prolif- 
tases (Fig. ). eration of urothelial cells with marked cytologic atypia 
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Fig. 11.22 Invasive bladder cancer (black arrow). Sagittal FSE 
T2-weighted MRI demonstrates discontinuity of the hypointense 
muscular layer (white arrow) 


and pronounced loss of cell polarity and cohesiveness 
(Fig. ). 

Mitotic figures are abundant and are often seen in the 
uppermost urothelium. Urothelial CIS has a high likeli- 
hood of progressing to invasive carcinoma if untreated, an 
outcome that occurs in up to 83 % of cases. 


Papillary and Invasive Urothelial Carcinomas 


About 6,000 individuals develop bladder carcinoma 
annually in the United States, with urothelial carcinoma 
accounting for the overwhelming majority of these 
cases. 

Papillary urothelial carcinoma is typically an exophytic 
tumor, which may appear solid or composed of numer- 


ous papillae, when viewed endoscopically (Fig. ). 
Tumors may be solitary (60 %) or multiple 
(Fig. ). 


Papillary urothelial carcinoma is composed of malig- 
nant urothelial cells growing on the surface of papillary 
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Fig. 11.23 Bladder tumor. Sagittal fat-saturated FSE T1-weighted 
postcontrast MRI. The markedly enhanced tumoral lesion (dashed 
arrow) located on the bladder base has extensive perivesical invasion 
and also involves the pubic bone (arrow). The tumor was assessed to be 
consistent with stage T4 disease 


fibrovascular cores. The degree of cytologic atypia is 
variable and is used to assign a grade. Squamous or 
glandular differentiation is commonly present in 
portions of these tumors, particularly in those of higher 
grade. 

e Some urothelial carcinomas have little or no papillary 
component and are invasive from inception. Such cancers 
are often high grade and biologically aggressive, and they 
typically produce a prominent desmoplastic stromal reac- 
tion. Many of the variants of urothelial carcinoma (nested, 
micropapillary, lymphoma-like, sarcomatoid) fall within 
this category. 
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Fig. 11.24 Axial CT (a), PET (b), PET-CT (c), and coronal MIP (d) images of a 68-year-old patient with bladder carcinoma reveal a focus of 


intense activity in the liver (arrows) consistent with a metastatic disease 


Staging Urothelial Carcinoma 


Tumor staging is critical in predicting the disease course 
of an affected individual (Figs. ; i ; , 
; ; ; ; ; , and ). 
The most common tool that clinicians use to predict out- 
comes of bladder cancer patients is the American Joint 
Committee on Cancer TNM staging system, which offers 
general outcome estimates based on classic pathologic 
criteria. 
Stage is assigned according to depth of invasion, lymph 
node involvement, and metastatic spread of disease. 


Papilloma 


General Information 


Urothelial papilloma is a benign exophytic neoplasm of 
the bladder that represents 1-3 % of bladder tumors. 
Papilloma consists from fibrovascular core covered by 
urothelial epithelium. 

It mostly occurs in posterior or lateral walls of the bladder. 
Patients mostly present with hematuria. 

Urothelial papillomas may recur, but it does not progress 
except in patients who have immunosuppressive therapy. 
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Fig. 11.25 Carcinoma in situ. 
There is a disordered 
proliferation of malignant 
urothelial cells whose nuclei 
show a high nuclear/cytoplasmic 
ratio, nuclear pleomorphism, 
irregular nuclear contours, and 
hyperchromatic or coarsely 
granular chromatin. The cells 
lack polarity entirely. Vascular 
proliferation is often present in 
the underlying stroma. Large, 
prominent, and multiple nucleoli 
may be seen in at least some 
cells. Mitotic figures may be seen 
at any level and are often 
atypical. This is stage Tis 

(see Fig. 11.30) 


Fig.11.26 Papillary urothelial carcinoma. Cystoscopic view shows an 
exophytic papillary growth. The delicate vasculature of the lesion is 
readily apparent 


Imaging 

Ultrasonography 

e Urothelial papillomas appear as polypoid masses protruding 
into the lumen. 

e On color flow Doppler ultrasound, vascular flow can be 
demonstrated. 
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Fig. 11.27 Papillary urothelial carcinoma. These neoplasms are fre- 
quently multifocal. The tumors shown in this image were all noninva- 
sive. Cystectomy was done because a muscle-invasive cancer had 
previously been resected from the area of hemorrhagic scarring 


e Nospecific imaging finding exists in differentiation between 
urothelial papillomas and other bladder neoplasms. 

Magnetic Resonance Imaging 

e Early phase of postcontrast Tl-weighted images demon- 
strate enhancing polyps arising from a less enhanced 
bladder wall. 
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Fig. 11.28 Papillary 
urothelial carcinoma. Graphic 
representation of the stages 
of urothelial carcinoma 
(From Cheng L, Lopez- 
Beltran A, MacLennan GT, 
Montironi R, Bostwick DG. 
Neoplasms of the urinary 
bladder. In: Bostwick DG, 
Cheng L, editors. Urologic Lamina propria 
surgical pathology. 2nd ed. 
Edinburgh: Mosby/Elsevier; 
2008, with permission) 


Muscularis propria 
(detrusor muscle) 
Perivesical soft tissue 


Urothelium 


Fig. 11.29 Papillary urothelial 
carcinoma. An exophytic papillary 
neoplasm rests upon the muscle, 
at left. No stromal invasion is 
present. This is stage Ta 
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Fig. 11.30 Papillary urothelial 
carcinoma. This is a low-grade 
carcinoma. The nuclei lack 
uniformity of shape and size and 
the tumor cells exhibit loss of 
cellular orientation 


Pathology 

e Papilloma represents less than 3 % of papillary urothe- 
lial tumors. Criteria for its diagnosis are stringent: 
it should be less than 2 cm in greatest dimension; 
it is usually a solitary lesion composed of delicate 
fibrovascular cores, lined by cytologically and architec- 
turally normal urothelium with orderly maturation, an 
intact superficial (umbrella) cell layer, and no mitotic 
figures, occurring in patient usually less than 50 years 
of age (Fig. 11.39). 

e Papilloma is neoplastic, with a small but significant 
potential for recurrence. 


Inverted Urothelial Papilloma 


Fig. 11.31 Papillary urothelial carcinoma. This low-grade carcinoma General Information 
is focally invasive into lamina propria (blue arrowhead). The detrusor 
muscle (black arrowhead) is uninvolved by tumor. This is stage T1 5 ; ‘ 
(From MacLennan GT, Resnick MI, Bostwick DG. Pathology for urol- lesion of urinary tract accounting for less than 1 % of 
ogists. Philadelphia: WB Saunders; 2002, with permission) urothelial tumors. 


e Inverted papilloma is an unusual benign proliferative 
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Fig. 11.32 Papillary urothelial 
carcinoma. This invasive stage 
T1 tumor fills the lamina propria 
entirely (blue arrows) but does 
not infiltrate the detrusor muscle, 
indicated by black arrows (From 
MacLennan GT, Resnick MI, 
Bostwick DG. Pathology for 
urologists. Philadelphia: WB 
Saunders; 2002, with 
permission) 


Fig. 11.33 Papillary urothelial 
carcinoma. This bulky invasive 
cancer infiltrated detrusor muscle 
(arrows) but did not extend into 
the adjacent soft tissues. This is 
stage T2 


e Itis an endophytic urothelial tumor. 

e Most common symptoms are bladder outlet obstruction, 
hematuria, dysuria, and irritative voiding. 

e Approximately 2.5-10 % of patients with inverted 
papilloma will develop urothelial carcinoma. 


E. Özden et al. 


Imaging 

Ultrasonography 

e Inverted papillomas have an appearance of solid, polypoid 
lesions protruding to the bladder lumen. 
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Fig. 11.34 Papillary urothelial 
carcinoma. This stage T2 invasive 
cancer surrounds bundles of 
detrusor muscle and infiltrates 
into the muscle bundles (arrows) 
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Fig. 11.35 Papillary urothelial 
carcinoma. A strip of detrusor 
muscle is visible, indicated by 
the black arrow. This high- 
grade sessile nodular cancer 
traversed the full thickness of 
detrusor muscle and extended 
into the adjacent fat (yellow 
arrows). This is stage T3 (Image 
courtesy of Michelle Stehura, 
M.D.) 


e Inverted papillomas may present as localized bladder wall 
thickening less likely. Pedunculated hypoechoic appearance 
suggests inverted papilloma on ultrasound. 


Pathology 
¢ Inverted papilloma, accounts for less than 1 % of urothelial 
neoplasms, is characterized by an endophytic, rather than 
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exophytic, growth pattern (Fig. ). It may be sessile 
or pedunculated, up 8 cm in diameter. 

It is usually covered by smooth overlying mucosa and 
is most often located on or near the trigone. It may be 
difficult to distinguish from urothelial carcinoma, 
which can sometimes show an inverted growth 
pattern. 
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Fig. 11.36 Papillary urothelial 
carcinoma. This stage T3 cancer 
surrounds a large blood vessel 
and infiltrates fat (shown at 
bottom) 


Fig. 11.37 Papillary urothelial 
carcinoma. In this 
cystoprostatectomy specimen, 
high-grade urothelial carcinoma 
essentially obliterates the 
prostate, indicated by the black 
arrows. This is stage T4 
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Fig. 11.38 Papillary urothelial 
carcinoma. This patient had 
extensive urothelial carcinoma in 
situ throughout the bladder, in 
the prostatic urethra, and in 
prostatic ducts (blue arrows). 
Focally, invasive carcinoma was 
noted in the prostatic stroma 
(black arrows), consistent with 
stage T4 disease 


Fig. 11.39 Papilloma. The 
urothelium lining the 
fibrovascular cores is essentially 
normal urothelium, with a normal 
number of cell layers and with 
large umbrella cells covering the 
surface. There is virtually no 
variation in nuclear size, shape, 
or spacing when compared with 
normal urothelium, and the 
chromatin texture is finely 
granular without nucleolar 
enlargement 
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Fig. 11.40 Inverted papilloma. 
Inverted papilloma is composed __ i 
of urothelial cells growing Fre ss g 
downward into the lamina 
propria and forming nests, 
sheets, anastomosing cords, and 
occasional luminal spaces 
containing mucin or pink 
secretions. Nuclear atypia is 
minimal, and mitotic figures are 
infrequent 


Fig. 11.41 Squamous cell carcinoma. Gray-scale ultrasound shows 
large hypoechoic bladder tumor (arrow) with extensive perivesical 
invasion. The patient was diagnosed on postoperative histological 
evaluation as squamous cell carcinoma 


e If exophytic growth, mitotic activity, and/or cytologic 
atypia is noted, a diagnosis of carcinoma is favored. 
Recurrence of inverted papilloma is very rare. 
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Squamous Cell Carcinoma 


General Information 


In the United States, squamous cell carcinoma is the most 
common non-transitional cell carcinoma, and it accounts 
for 3-7 % of all bladder tumors. 

Nonbilharzial squamous cell carcinoma develops in about 
5 % of paraplegic patients with long-term irritation due to 
calculi, indwelling catheters, or infected bladder 
diverticula. 

The overall prognosis is usually poor in these cases. 


Imaging 
Ultrasonography 


Squamous cell carcinoma is seen as a large, ulcerated, and 
infiltrating sessile mass (Fig. ). 

In contrast to urothelial carcinoma, squamous carcinoma 
is sessile rather than papillary, and pure intraluminal 
growth is not seen. 

Bladder wall thickening and calcification, from chronic 
inflammation or infection with bilharzia, may coexist and 
complicate the diagnosis. 


Computed Tomography 


The imaging findings in squamous carcinoma are 
nonspecific. Tumors may appear as a single enhancing 
bladder mass or as diffuse or focal wall thickening. 
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Fig. 11.42 Squamous cell 
carcinoma. Tumor is bulky and 
exophytic. The gray-white color 
reflects keratin production by the 
tumor (Image courtesy of Pedro 
Ciarlini, M.D.) 


Neoplasms of the Bladder 


Intradiverticular squamous tumors may show surface 
calcification. 


Magnetic Resonance Imaging 


They appear as single large enhancing mass, diffuse, or 
focal wall thickening. 

Muscle invasion is present in 80 % of cases, and extra- 
vesical spread may be extensive, involving surrounding 
organs and the abdominal wall. 


Pathology 


Squamous cell carcinoma of the bladder accounts for 
about 1 in 20 bladder cancers in the United States and 
England and for nearly 3 of 4 bladder cancers where 
schistosomiasis is prevalent. 

It often occurs ina setting of chronic mucosal inflammation 
(e.g., chronic urinary retention, calculus disease, schisto- 
somiasis), and about half of cases arise in a background of 
keratinizing squamous metaplasia. 

Squamous cell carcinoma is typically solid and nodular, 
with extensive necrosis and accumulated keratin debris 
on the surface (Figs. 11.42 and 11.43). It is often quite 
bulky, and some tumors occupy much of the bladder 
lumen. It is often at an advanced stage when initially 
diagnosed. 
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Adenocarcinoma 


General Information 

e Adenocarcinoma is responsible for 0.5-2 % of all bladder 
carcinomas. It can be classified into three groups: primary, 
urachal, and metastatic. 

e It is the most common histological type of secondary 
malignancies of the bladder, which may be invaded by the 
adenocarcinoma of the colon, prostate, or rectum. 

e The association between bladder adenocarcinoma and 
certain conditions, such as bladder exstrophy and cystitis 
glandularis of intestinal type, remains controversial. 

e Anatomically, the tumor tissue originates in two sites, the 
base including the trigone and the dome of the bladder. 

e Adenocarcinomas are often large, with a mean size of 6 cm. 

e Urachal carcinoma can be intraluminal, but the bulk of 
tumor is outside the bladder in 88 % of cases. In contra- 
distinction to urothelial carcinoma, extravesical spread is 
very common, with bladder wall invasion in 92 % of cases 
and metastases in 48 % (Fig. 11.44). 


Imaging 

Intravenous Pyelography 

e It may reveal a filling defect in the dome of the bladder or 
extrinsic compression. 
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Fig. 11.43 Squamous cell 
carcinoma. Broad sheets and 
nests of malignant squamous 
cells are infiltrating the lamina 
propria (arrows). The diagnosis 
of squamous cell carcinoma is 
restricted to tumors composed 
entirely of squamous cell 
carcinoma. If a component of 
urothelial carcinoma is present, 
the lesion is considered urothelial 
carcinoma with squamous 
differentiation 
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Fig. 11.44 (a) Urachal carcinoma located at the anterior wall of the bladder. CT shows enhancing lesion (arrow) with perivesical invasion. (b) 
Another urachal carcinoma with clear anterior perivesical protrusion (arrows) at ultrasound 


Ultrasonography e CT study is sensitive for detecting calcification and cystic 
e The tumor may be readily detected with ultrasound as a components. Calcification is present in 72 % of cases and 
soft-tissue mass, which may be heterogeneous and is more commonly peripheral than stippled. 
calcified. e At CT, the tumor is mixed solid and cystic in 84 % of 
e Color flow Doppler ultrasound may show internal vascu- cases and solid in the remainder. The cystic contents 
larity, but this is not specific. represent mucin, a common finding in these tumors. 
Computed Tomography Magnetic Resonance Imaging 


e CT and MR imaging are the most accurate modalities for ¢ At MR imaging, the location of urachal carcinoma is best 
local staging and for evaluation of distant metastases. demonstrated on sagittal images. 
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Fig. 11.45 Adenocarcinoma of 
clear cell type. This female 
patient had undergone 
transurethral resection of a small 
lesion near the bladder neck 
several months previously. The 
tumor recurred and was very 
bulky (Image courtesy of John 
Miedler, M.D.) 


Neoplasms of the Bladder 


On T2-weighted images, focal areas of high signal intensity 
from mucin are highly suggestive for adenocarcinoma. 
The solid portions of the tumor are isointense to soft tis- 
sue on T1-weighted images and enhance with intravenous 
contrast material. 


Pathology 


By definition, the diagnosis of adenocarcinoma is 
restricted to lesions that demonstrate only glandular dif- 
ferentiation. Urothelial carcinoma with an element of 
adenocarcinoma is not included in this category. 

Primary adenocarcinoma may originate in the bladder or the 
urachus. Nonurachal adenocarcinoma comprises up to 80 % 
of primary bladder adenocarcinoma; it is more common in 
males than in females and occurs at a mean age of 59 years. 
Adenocarcinoma may grossly appear papillary, sessile, or 
infiltrative with deep central ulceration (Fig. 11.45). 
Signet ring carcinoma may exhibit only diffuse wall 
thickening without mucosal ulceration. 

Subtypes of bladder adenocarcinoma include enteric type, 
mucinous (colloid) type, signet ring cell type, and adeno- 
carcinoma of no specific type (Fig. 11.46). 

Urachal adenocarcinoma is distinguished from adeno- 
carcinoma arising in bladder mucosa by several criteria: 
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location in the dome of the bladder; absence of cystitis 
glandularis or intestinal metaplasia in the adjacent 
bladder mucosa, with an abrupt transition from normal 
urothelium to adenocarcinoma; and documentation of 
absence of adenocarcinoma in immediately adjacent 
organs. 


Miscellaneous Rare Bladder Tumors 


e Macroscopically, non-transitional cell carcinomas are 


generally larger than transitional cell carcinomas, they 
have an aggressive nature, and at the time of diagnosis, 
they frequently extend beyond the bladder wall. 
Radiologically, tumor characteristics and patterns of 
growth may allow differentiation, although imaging 
findings are not specific for these tumors. 


Small-Cell or Neuroendocrine Carcinoma 


Small-cell carcinoma is a very aggressive neoplasm that 
accounts for less than 0.5 % of bladder carcinomas. At 
least 94 % of cases are invasive. 
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Fig. 11.46 Adenocarcinoma of 
no specific type. This bladder 
cancer was entirely composed of 
malignant glandular structures, 
as shown here. No urothelial 
component was present 


e Macroscopically, these tumors tend to be large ulcerated 
nodular or polypoid masses; they cannot be distinguished 
from other high-grade carcinomas of the bladder 
(Fig. 11.47). 

e Small-cell tumors may exhibit very rapid growth. The aggres- 
sive behavior is further reflected in extensive local invasion, 
including the seminal vesicles, ureters, uterus, vagina, 
abdominal musculature, and diffuse peritoneal metastases. 


Imaging 

Ultrasonography 

e Large, hypoechoic, polypoid, or nodular tumors. 

e Calcification may be demonstrated although uncommon. 

Computed Tomography 

e OnCT, a central necrosis and some cystic changes may be 
observed. Tumors are typically large and polypoid or nod- 
ular and may have an ulcerated surface. 

e The lateral bladder walls are the most common site. Wall 
invasion is typical, with masses ranging from 3 to 8 cm. 

e Calcification is uncommon. 

e In contrast to urothelial carcinoma, tumor enhancement is 
patchy. 

Magnetic Resonance Imaging 

e Tumors appear as large, broad-based polypoid masses. 

e Lesions show low signal intensity on T1-weighted images 
while low or high signal intensity on T2-weighted images. 

e These tumors enhance promptly after contrast 
administration. 
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Fig. 11.47 Small-cell carcinoma of bladder. Transrectal ultrasound 
shows a tumoral mass (arrow) at the bladder base; determination of 
origin is difficult as the mass seems to be continuous with the prostate. 
Histopathological evaluation of surgical material revealed small-cell 
carcinoma of the bladder 


Pathology 

e Primary small-cell carcinoma (SCC) of the urinary blad- 
der is rare, accounting for <1 % of all bladder carcinomas. 
Affected patients are predominantly men with a mean age 
of 66 years, two-thirds of whom have a smoking history. 
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Fig. 11.48 Small-cell carcinoma 
of bladder. Tumor was entirely 
small-cell carcinoma, without a 
urothelial component. Tumor is 
large and sessile and was deeply 
invasive (Image courtesy of Paul 
Grabenstetter, M.D.) 


Neoplasms of the Bladder 


Tumor size ranges from 1.5 to 13 cm; mean size for small- 
cell carcinoma is 5.1 cm (Fig. 11.48). Most tumors arise 
in the posterior and lateral walls. Some consist entirely of 
small-cell carcinoma, but many small-cell carcinomas are 
admixed with other types of carcinoma, including urothe- 
lial carcinoma, adenocarcinoma, and squamous cell carci- 
noma (Fig. 10.49). 

Although far less prevalent than its urothelial counterpart, 
it behaves more aggressively than urothelial carcinoma 
and carries a dismal prognosis. 


Leiomyosarcoma 


General Information 


Leiomyosarcoma is the most common nonepithelial 
malignant tumor of the bladder in adults. These lesions 
are invasive large masses with a mean of 7 cm in greatest 
dimension. 


Imaging 
Ultrasonography 


Large soft-tissue mass with lobulated margins protruding 
into the lumen. 
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e Hydronephrosis may be demonstrated in the setting of 


ureterovesical invasion. Ureterovesical invasion is not 
specific for leiomyosarcoma (Fig. 11.50). 


Magnetic Resonance Imaging 
e It can be difficult to distinguish leiomyoma from 


leiomyosarcoma at imaging. Both can have relatively low 
signal intensity on T2-weighted MR images. 


e However, necrosis is common in leiomyosarcomas, 


which tend to be poorly circumscribed, invasive 
masses. 


e Leiomyosarcomas are more heterogeneous on T2-weighted 


images and demonstrate nonenhancing areas secondary to 
necrosis. 


Pathology 


e Leiomyosarcoma is the commonest sarcoma of the 


bladder in adults. Although some are less than 21 years 
old at the time of diagnosis, the majority of patients are 
middle-aged adults. 

Leiomyosarcoma usually appears lobulated or mushroom- 
shaped and unencapsulated. Tumors are typically between 
2 and 5 cm in diameter, but some are much larger. 
Tumors typically infiltrate all layers of the bladder 
(Figs. 11.51 and 11.52). 
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Fig. 11.49 Small-cell 
carcinoma of the urinary bladder 
is composed of sheets of 
uniformly small, round 
mitotically active cells with 
overlapping nuclei and evenly 
distributed chromatin, lacking 
prominent nucleoli. Nuclear 
molding, tumor necrosis, and 
crush artifact are commonly 
observed 


Fig. 11.50 (a) Axial contrast-enhanced CT image demonstrates an 
enhancing bladder mass involving left inferoposterolateral wall of the 
bladder (arrow). (b) Axial contrast-enhanced CT through the level of 
the kidneys demonstrates hydronephrosis of the left kidney secondary 
to ureteric involvement by the bladder mass (arrow) 


Fig.11.51 Leiomyosarcoma. It is usually large and polypoid with sur- 
face ulceration and typically infiltrates all layers of the bladder wall. 
Cut surfaces are firm or fleshy, with a fibrous or myxoid appearance. 
Varying degrees of hemorrhage and necrosis may be present (From 
MacLennan GT, Resnick MI, Bostwick DG. Pathology for urologists. 
Philadelphia: WB Saunders; 2002, with permission) 
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Fig. 11.52 Leiomyosarcoma. 
Leiomyosarcoma is composed of 
interlacing bundles of atypical 
spindle cells with cigar-shaped 
nuclei and pink cytoplasm. 
Nuclear pleomorphism, mitotic 
figures, and necrosis (region 
indicated by arrows) are 
frequently present 


Neoplasms of the Bladder 


Rhabdomyosarcoma 


General Information 


Rhabdomyosarcoma is the most common tumor of the 
bladder in children. It presents as a polypoid or grapelike 
diffuse infiltrative lesion. 

Rhabdomyosarcoma typically involves the base of the 
bladder, and it is often difficult to determine whether the 
tumor is primarily in the bladder or in the prostate. 


Imaging 
Ultrasonography 


Large, nodular filling defect or mass often associated with 
urinary obstruction (Fig. 11.53). 

These tumors often involve the bladder base and, when 
large, are difficult to differentiate from those originating 
from the prostate gland. 


Magnetic Resonance Imaging 


At MR imaging, rhabdomyosarcoma has low signal 
intensity on Tl-weighted images and high signal inten- 
sity on T2-weighted images with heterogeneous 
enhancement. 

Multiple grapelike intraluminal masses are highly 
suggestive of bothyroid rhabdomyosarcoma. Rhabdomyo- 
sarcoma may be locally invasive, and a significant extra- 
vesical component may be present. 


Pathology 


Rhabdomyosarcoma is a malignant mesenchymal neo- 
plasm that demonstrates evidence of skeletal muscle 
(sarcomeric) differentiation. 
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e Overall, about 5 % of rhabdomyosarcomas occurring in 
children arise in the prostate or urinary bladder. 

e This is typically a sarcoma of childhood; most patients 
with rhabdomyosarcoma are less than 5 years old, and a 
slight majority are male. 

e The classic finding, endoscopically or grossly, is a pale 
gray multinodular polypoid mass centered around the 
bladder neck and trigone, sometimes resembling a cluster 
of grapes (“sarcoma botryoides”), but tumors may also be 
diffusely infiltrative or sessile nodular growths (Figs. 11.54 
and 11.55). 


Intradiverticular Tumor 


General Information 

e Bladder diverticulum has an increased risk of develop- 
ing cancer possibly due to its stasis effect 
(Fig. 11.56). 

e Intradiverticular tumors have a prevalence of 1-10 %. 

e Pathologically, urothelial carcinoma is the most common 
neoplasminbladder diverticula (Fig. 11.57). Unfortunately, 
diverticular carcinoma tends to be of higher grade due to 
the lack of a muscular layer of the diverticulum. 


Imaging 

Intravenous Pyelography 

e Intradiverticular tumors may appear on IVP as irregularly 
shaped diverticulum. 

e Ifthe mass obstructs the diverticulum orifice, it cannot be 
shown on IVP. 
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Fig. 11.53 Rhabdomyosarcoma. Gray-scale ultrasound shows multi- 
ple grapelike polypoid lesions in the bladder. The patient was diagnosed 
on postoperative histological evaluation as rhabdomyosarcoma 


Fig. 11.55 Rhabdomyosarcoma. 
Rhabdomyosarcoma is 
morphologically diverse. 
Embryonal rhabdomyosarcoma, 
shown here, is typically 
composed of small dark round, 
ovoid, or spindle-shaped cells 
with minimal cytoplasm admixed 
with cells resembling 
rhabdomyoblasts, i.e., large 
round or oval cells with abundant 
eosinophilic cytoplasm. Some 
contain elongated strap cells, 
which may show cross-striations 
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Ultrasonography 

e Ultrasound can demonstrate bladder diverticulum as 
anechoic outpouching from bladder wall. 

e Solid masses with vascular flow on color flow Doppler 
ultrasound represent tumor formation inside the bladder 
diverticulum. 
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Fig. 11.54 Rhabdomyosarcoma. Rhabdomyosarcoma is typically 
multinodular or polypoid; its cut surfaces are glistening, gray-white and 
gelatinous, with varying degrees of hemorrhage and cystic degeneration 
(From MacLennan GT, Resnick MI, Bostwick DG. Pathology for 
urologists. Philadelphia: WB Saunders; 2002, with permission) 
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Computed Tomography 

e Intradiverticular sessile or pedunculated soft-tissue mass 
projecting into the diverticular lumen, or focal or diffuse 
thickening of the diverticular wall (Fig. 11.58). 

e Intradiverticular tumors show contrast enhancement. 
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Fig. 11.56 Bladder diverticula. Multiple bladder diverticula (arrows) 
are seen on axial contrast-enhanced CT as fluid-filled saccular-shaped 
outpouchings from bladder lumen 


Fig. 11.57 Transitional cell carcinoma in bladder diverticulum. Gray- 
scale ultrasound reveals a small solid mass lesion (arrows) located at 
the base of a diverticulum 


e They appear as filling defect in the diverticulum on 
CT cystography. 

Magnetic Resonance Imaging 

e On Tl-weighted images, tumors show higher signal 
intensity than surrounding urine in diverticulum. 

e On T2-weighted images, intradiverticular tumors have 
moderately increased signal intensity while bladder wall 
remains of intermediate signal intensity. 


Imaging for Detecting Metastases 
e Assessment of possible lymph node involvement in cases 


of invasive bladder cancer is of critical importance in 
determining management. 


Fig. 11.58 Coronal CT demonstrates a mass lesion (long arrow) aris- 
ing from a large bladder diverticulum (short arrows). Bladder is com- 
pressed by diverticulum. The tip of the Foley catheter is localized in the 
bladder lumen (arrowhead) 


e Nodal spread initially involves the paravesical and pre- 
sacral lymph nodes; in more advanced cases, the hypo- 
gastric, obturator, external iliac, and retroperitoneal nodes 
become involved. 

e Although there is significant overlap in the radiologic 
characteristics of benign and malignant nodes, MRI 
depicts both the size and morphology of lymph nodes. 
Unfortunately, small aggregates of tumor cells may be 
detected in a small node, causing a “false-negative diagno- 
sis”; and inversely, an enlarged node may not contain any 
metastatic cancer, causing a “false positive diagnosis.” 

e In clinical practice, lymph nodes greater than 8 mm in 
diameter in the common iliac chain or the identification of 
the perirectal, presacral, or paracervical lymph nodes is 
regarded as evidence of metastasis. 

e Although there is a significant overlap between benign 
and malignant nodes, MRI depicts both the size and mor- 
phology of lymph nodes. 

e Radiologically, T1-weighted MRI sequence may be help- 
ful for the demonstration of the lymph nodes. A curative 
cystectomy is not performed, if lymph node metastases 
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are present; therefore, detection of lymph node metasta- 
ses has a clinical importance. 

Liver, lung, and bone are the principal sites of distant 
metastases of bladder cancer and can be imagined by CT 
and/or MRI, while the latter remains the most sensitive 
and specific modality for the detection of bone metastases 
or infiltrations (Fig. 11.23). 


Staging of Bladder tumors 


Pathologically, the local extent of the primary tumor and 
the presence of a metastatic lesion are the most important 
factors for determining the treatment and prognosis of a 
bladder cancer. 

Imaging plays a critical role in preoperative staging of the 
tumor and deciding the appropriate therapy for the patient. 
The three major staging parameters are as follows: extent 
of local spread (stage T), spread to pelvic and abdominal 
lymph nodes (stage N), and distant metastases (stage M). 
Table 11.1 illustrates the TNM staging system, which 
separates bladder tumors based on their depth of involve- 
ment. Treatment is individualized for each patient and is 
predicated to a large extent on the pathological and clini- 
cal extent of disease. 

Endoscopic visualization and pathological evaluation of 
transurethral resection specimens are adequate for the 
establishment of stage for most superficial tumors. 
Pathologically diagnosed stage Ta, Tis, and T1 cancers 
generally do not require additional staging studies. For 
more deeply invasive cancers, and those arising in a diver- 
ticulum, radiologic imaging is employed to more accurately 
assess the local extent of tumor and the presence or absence 
of lymph node involvement and distant metastases. 
Patients with invasion of detrusor muscle are candidates for 
cystectomy and require more extensive staging procedures. 
Since urothelial carcinoma of the bladder is sometimes asso- 
ciated with similar neoplasm in the upper tracts, radiologic 
evaluation of the upper tracts is prudent in these cases. 
Superficial bladder tumors, classified as stage T1, are 
treated by local endoscopic transurethral resection and/or 
intravesical agents such as Bacillus Calmette-Guerin 
(BCG), whereas invasive carcinomas, classified as stage 
T2 or more, are treated by radical cystectomy and lymph- 
adenectomy with or without palliative chemotherapy or 
radiation therapy. 

In cases of pelvic sidewall or abdominal wall infiltration, 
classified as stage T4b, or metastases in pelvic lymph 
nodes or bone marrow, the patient is accepted as inoper- 
able, and a palliative chemotherapy or radiotherapy is 
given (Table 11.2). 
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Table 11.1 TNM staging system for bladder cancer 


TNM stage Histopathological characteristics 
TO No tumor 
Tis Carcinoma in situ (flat tumor) 
Ta Papillary tumor confined to the epithelium 
(mucosa) (noninvasive papillary carcinoma) 
T1 Tumor invades subepithelial connective tissue 
(lamina propria) 
T2 Tumor invades muscularis propria 
pT2a Tumor invades superficial muscularis propria 
(inner half) 
pT2b Tumor invades deep muscularis propria (outer 
half) 
T3 Tumor invades perivesical tissue 
pT3a Tumor with microscopic invasion of perivesical 
tissue 
pT3b Tumor with macroscopic invasion of perivesical 
tissue 
T4 Tumor invades any of the following: prostatic 
stroma, seminal vesicles, uterus, vagina, pelvic 
wall, abdominal wall 
T4a Tumor invades prostate, uterus, vagina 
T4b Tumor invades pelvic or abdominal wall 
NO No regional lymph node metastasis 
N1 Metastasis in a single pelvic lymph node 2 cm or 
less 
N2 Metastasis in a single pelvic lymph node, 
2-5 cm or in multiple nodes all less than 5 cm 
N3 Metastasis in a single lymph node greater than 
5 cm 
MI Distant metastasis 


Table 11.2 Most common treatment options 


Tumor stage 


Superficial tumors 


T2-T4a invasive tumors 


T4b unresectable or 


Most common treatment option 
Transurethral resection, with or without 
intravesical chemotherapy 


Radical cystectomy and dissection of 
lymph nodes (plus adjuvant 
chemotherapy) 


Radiotherapy — chemotherapy 


metastatic tumor 


Differential Diagnosis 


An incidental mass in the bladder may be a benign lesion 
such as hematoma, calculus, fungus ball, cystitis cystica, 
foreign body, endometriosis (Figs. 11.59 and 11.60), pap- 
illoma, or leiomyoma. On examination, mobility of the 
lesion is helpful for characterization, and it can easily be 
demonstrated with ultrasound. 

In addition, extrinsic inflammatory diseases in the sur- 
rounding organs (vagina, cervix, uterus, prostate, and 
colon) may involve the bladder wall, and thus, they may 


Neoplasms of the Bladder 


Fig.11.59 Endometriosis. Small focal bladder wall thickening (arrow) 
detected at ultrasound. Histopathological diagnosis was endometriosis 


simulate a bladder tumor. Also, benign or malignant 
uterine masses may distort the bladder. 

Differential diagnosis for wall thickening of the bladder 
includes focal inflammation following TUR, any surgical 
intervention, radiotherapy, malacoplakia, traumatic hema- 
toma, papilloma, granuloma, and endometrioma. 
Furthermore, cystitis, either infectious or noninfectious, 
may mimic the tumor of the bladder due to the develop- 
ment of the wall edema (Fig. 11.61). 

Following the treatment with radiotherapy or surgery, 
there may be edema, inflammation, fibrosis, and thicken- 
ing of the bladder wall, as well as distortion and stranding 
of the perivesical fat. It is interesting to note that the 
changes due to radiotherapy may persist for up to 2 years 
after treatment. 
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Pearls and Pitfalls 


e Exact diagnosis of bladder tumors may be made by 
cystoscopy and deep biopsy. 

e Treatment and prognosis of the bladder tumors are based 
on the depth of wall invasion, extravesical invasion, and 
presence of metastasis. 

e TUR procedure may determine the depth of wall invasion, 
but not extravesical invasion. 

e Radiological imaging is insufficient for determining the 
depth of wall invasion, but it is useful for determining 
extravesical extension and existence of metastasis. 

e Radiological staging is not appropriate and over or under- 
diagnosis is very frequent even for extravesical extension, 
because CT and MRI studies are not able to detect micro- 
scopic invasion of perivesical fat. 

e Detection rates of tumors located at the dome or neck of 
the bladder and tumors smaller than 5 mm are low for any 
imaging modality. 

e Ideally, CT and MRI studies should be performed before 
any intervention, because early postoperative imaging 
following TUR may result in pseudolesions and inaccu- 
rate staging. 

e As a rule, CT should be delayed for at least 7 days after 
TUR procedure. 

e A differential diagnosis between hematoma and tumor in 
the urinary bladder is possible with ultrasound by observing 
movement of echogenic structure in the bladder lumen. 

e Overfilling of the bladder may mask flat lesions; underd- 
istension causes bladder wall thickening and this can be 
erroneously considered as tumor. 

e Squamous cell carcinoma of the bladder accounts for 
about | in 20 bladder cancers in the United States and 
England and for nearly 3 of 4 bladder cancers where 
schistosomiasis is prevalent (Fig. 11.62). 
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Fig. 11.60 Endometriosis. (a) Sagittal Tl-weighted Sagittal 
T1-weighted image with fat saturation demonstrates superior bladder 
wall mass (arrow) that appears isointense to uterus. (b) Sagittal 
T2-weighted MR image demonstrates hypointense mass, involving the 


superior bladder wall with contour deformity confirming its origin from 
the bladder wall (arrowhead). (c) The mass shows mild contrast 


enhancement (arrowhead) on contrast-enhanced fat-saturated 


T1-weighted sagittal image 
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Fig. 11.61 Cystitis. Gray-scale ultrasound shows circumferential 
bladder wall thickening as a result of severe hemorrhagic cystitis 


Fig. 11.62 (a) Plain radiograph shows schistosomiasis calcification of 
the bladder wall (arrows) and part of right distal ureter. (b) Axial post- 
contrast CT image shows calcified bladder wall and anterior bladder 
wall enhancing mass (arrow) (histopathologically proven squamous 
cell carcinoma associated with schistosomiasis) (Courtesy of Tarek 
El-Diasty, M.D.) 
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Urinary Bladder Trauma e Intraperitoneal UB ruptures comprise about 10-20 % of 

all UB injuries and are most commonly secondary to blunt 

General Information trauma. 

e Extraperitoneal UB ruptures account for about 80 % of all 

e Urinary bladder (UB) injuries can occur secondary to UB injuries; 10 % of extraperitoneal UB ruptures have an 
blunt and/or penetrating trauma; they are most commonly associated intraperitoneal rupture. 
detected in multi-trauma patients with blunt injuries. e Blunt injuries commonly result in intraperitoneal rup- 

e UB rupture is seen in about 10 % of patients with pelvic tures, which are secondary to the force of a blunt impact 
fractures. which is transmitted to the UB, resulting in increased 

e A distended UB is more prone to rupture in pelvic trauma intravesical pressure. 
than a collapsed or nearly empty UB. e The UB wall ruptures if the intravesical pressure exceeds 

Clinical Findings 300 mmHg. 

e UB injuries can be easily overlooked in a multi-trauma ° The commonest site of UB rupture is at the dome of the 
patient; therefore, each related physical finding and sign bladder, which is the weakest point of UB wall and has 
should be carefully evaluated. overlying peritoneum. Consequently, UB wall rupture at 

e Clinical indicators of a possible UB injury include supra- this site results in urinary leakage into the abdominal 
pubic pain and/or tenderness, voiding difficulty, gross cavity. 
hematuria, perineal swelling and/or hematoma, blood at ¢ Extraperitoneal injuries associated with blunt trauma are 
the urethral meatus, and abdominal distention and almost always due to tears of ligamentous attachments, 
tenderness. usually in a setting of pelvic bone fracture. The majority 

e The majority of UB injuries occur secondary to motor of such tears occur at the lateral aspect of the UB neck and 
vehicle accidents in which blunt trauma exerts a high can be found either on the same or the opposite side of the 
degree of force upon the pelvis and the organs lying within accompanying pelvic fracture. 
it. e Penetrating injuries occur as a result of direct disruption 

e There should be high index of suspicion of UB rupture in of the bladder wall by bullet or knife wounds of the pelvis 
patients with pelvic fractures. or perineum. Penetrating injuries are classified as intrap- 

Injury Classification and Mechanism eritoneal, extraperitoneal, or combined UB injuries. 


e There are two basic types of UB injury: intraperitoneal 
and extraperitoneal ruptures. 


Imaging 
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Fig. 12.1 Fifteen-year-old status posttrauma. Serial images from retrograde cystourethrogram (a, b) demonstrate extravasation of the contrast 
material secondary to a traumatic rupture in the bladder neck 


initial imaging modality in this setting is a retrograde 
urethrogram. Attempts to pass a catheter into the bladder 
when the urethra is injured at the level of the urogeni- 
tal diaphragm may inflict additional injury to an already 
traumatized site. 


Cystography 


In the absence of urethral bleeding posttrauma, conven- 
tional cystography may be conducted, by placement of a 
Foley catheter through the urethra, followed by filling the 
UB with 300-350 ml of 30 % ionic contrast material 
through this catheter under gravity flow after obtaining a 
non-contrast anteroposterior snapshot. 

After totally filling the UB with contrast, the Foley cath- 
eter is clamped, and under fluoroscopy, anteroposterior, 
bilateral, oblique, and postvoid (drainage) snapshots are 
obtained. 

When contrast material is instilled into the bladder, 
extravasation can be readily demonstrated (Fig. 12.1a, 
b). 

Postvoid imaging of the UB is important because contrast 
extravasation may only be seen on postvoid images. 


Ultrasound 


Ultrasound is an attractive first-line imaging modality for 
trauma victims in emergency rooms, since it is a cheap, 
easily applicable, and reproducible noninvasive imaging 
modality. 

Ultrasound is most useful for detection of fluid collec- 
tions and confirmation of correct positioning of drainage 
catheters. 


e In extraperitoneal rupture, perivesical free fluid of vari- 
able echogenicity (usually hypoechoic) can be seen. The 
UB appears small and contracted, and the UB wall may 
appear thickened. 

e Incases of intraperitoneal rupture, free fluid is seen within 
the peritoneal cavity and the UB appears small and 
contracted. 

Computed Tomography 

e Computed tomography (CT) has become accepted as the 
imaging modality of choice for patients with multiple 
injuries, and in light of recent developments in multide- 
tector CT (MDCT) technology, CT is being more com- 
monly used in emergency rooms for evaluation of trauma 
victims. 

e CT cystography can be used instead of conventional cys- 
tography as it allows faster and better anatomical evalua- 
tion of not only the UB but also the surrounding organs 
and bony pelvis. 

e CT cystography involves retrograde filling of the UB with 
300—400 ml of (3—5 %) diluted nonionic contrast material 
and followed by acquisition of contiguous thin slice 
(5 mm) axial images through the pelvis. 

e Antegrade filling of the bladder by accumulation of intra- 
venously injected contrast material is less reliable than 
retrograde filling, because it may not result in adequate 
UB distension, and may lead to a time loss of 15-30 min 
in the emergency setting. 

e CT cystography images obtained on an MDCT scanner 
can be easily reformatted in the sagittal and coronal planes 
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(multiplanar reconstruction), allowing construction of lat- 
eral and oblique cystography images without additional 
radiation exposure and without moving the trauma victim 
with pelvic fractures. 

e The normal uninjured UB appears as a well distended 
hyper-attenuated structure within the pelvis, without 
perivesical fat stranding. 

e A classification system for UB injuries, based on cysto- 
graphic patterns of extravasation in 97 trauma patients 
described by Sandler et al. in 1986, has been adapted for 
CT cystography and includes five types of UB injury: 

Type 1: Bladder Contusion 
e A presumptive diagnosis of lower urinary tract injury 

(bladder or proximal urethra) in a patient with hematu- 
ria after blunt pelvic trauma but with normal findings 
at cystography. The exact nature of the injury is not 
known, but is not considered clinically to be a major 
injury. 

Type 2: Intraperitoneal Rupture 
e CT cystography demonstrates extravasated intraperito- 

neal contrast material around bowel loops and mesen- 
teric folds (Figs. , and , b). 

Type 3: Interstitial Injury 

e Interstitial injury is a rare type of UB injury and repre- 
sents an incomplete rupture of the UB wall without an 
overt rupture. 

e On CT cystography, intramural contrast material is 
present, but no extravesical contrast extravasation is 
seen. 

Type 4: Extraperitoneal Rupture 
e Injuries of this type may result from laceration of the 

bladder by a bony spicule derived from an anterior pel- 
vic arch fracture. Since the sites of these injuries do not 
always correspond to the locations of fractures, it is 
also postulated that some of these injuries represent 
tears at ligamentous attachment sites or may be 
secondary to the force of blunt trauma. 

e This type can be grouped into two types: 4A (simple) 
in which urinary extravasation is confined to the 
perivesical space (Fig. ), and type 4B (com- 
plex) (Fig. -b), in which contrast extravasation 
extends beyond the perivesical space to other sites, 
such as the anterior abdominal wall, penis, scrotum, or 
perineum. 

Type 5: Combined Rupture 
e Combined rupture includes synchronous occurrence of 

intra- and extraperitoneal ruptures with a prevalence of 
5-10 %. 

e On CT cystography, extravasation patterns of both UB 

injury types can be seen. 
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Fig. 12.2 Nineteen-year-old male patient with trauma history. (a) 
Contrast-enhanced axial CT image at upper abdomen level demon- 
strates significant hypodense fluid (arrow). (b) Axial CT image at pel- 
vis level reveals contracted undistended urinary bladder and hemorrhagic 
free pelvic fluid (arrow). (c) Scanogram obtained on tomography table 
after retrograde urethral contrast administration demonstrates diffuse 
extravasation between intestinal loops consistent with intraperitoneal 
urinary bladder rupture 
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Fig. 12.3 Thirty-five-year-old status posttrauma. (a) Axial contrast- 
enhanced CT image at delayed phase at pelvis level demonstrates rup- 
ture site and frank contrast extravasation (arrow) at left lateral wall of 
urinary bladder. (b, c) Diffuse extravasation of contrast material 
(arrows) between intestinal loops consistent with intraperitoneal urinary 
bladder rupture is seen 


Fig. 12.4 Bladder rupture. (a) Axial contrast-enhanced CT obtained at 
delayed phase demonstrates free intraperitoneal contrast (arrows) 
resulting from intraperitoneal rupture of bladder. (b) Cystogram dem- 
onstrates extravasation of contrast material (arrow) 
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Fig. 12.5 Seven-year-old status posttrauma with urinary bladder rup- 
ture. (a) Delayed phase contrast-enhanced CT image at pelvis level 
demonstrates extravasation of the contrast material (arrow) confined to 
perivesical space. (b) Scanogram obtained at tomography also demon- 
strates contrast extravasation (arrowhead) confined to perivesical space 
consistent with extraperitoneal urinary bladder rupture 


Fig. 12.6 Fifteen-year-old trauma victim boy (same patient in 
Fig. ). Axial contrast-enhanced CT delayed phase images at pelvis 
level demonstrate rupture site (arrow) and frank contrast extravasation 
at right lateral wall of urinary bladder (a) and dissection of the posterior 
fascial planes by extravasated contrast material (b). Perirectal fat planes 
are not stranded or invaded by extravasated contrast material; findings 
are consistent with urinary bladder rupture 
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Treatment Dreitlein DA, Suner S, Basler J. Genitourinary trauma. Emerg Med 
Clin North Am. 2001;19:569-90. 
Sandler CM, Goldman SM, Kawashima A. Lower urinary tract trauma. 


e For intraperitoneal and combined injuries, prompt surgi- World J Urol. 1998:16:69-75. 
cal intervention is required due to increased risk of infec- Vaccaro JP, Brody JM. CT cystography in the evaluation of major blad- 
tious and other complications. An account of standard der trauma. Radiographics. 2000;20:1373-81. 


clinical management strategies for these injuries is beyond 
the scope of this chapter. 
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Congenital Anomalies of the Urethra 
General Information 


e Congenital anomalies of the urethra may be classified as 
anomalies of form, anomalies of number, and urethral 
groove malformations (Table 13.1). 


Anomalies of Form 


Lacuna Magna (Sinus of Guérin) 

e The most common and asymptomatic urethral anomaly is 
diverticular dilatation of the roof of the fossa navicularis, 
which develops due to incomplete fusion of the glandular 
urethra and ectoderm at the tip of the penis. 

e Lacuna magna is a very common anomaly which may 
also be regarded as a normal variation since it is seen in 
up to 30 % of boys. 


Posterior Urethral Valves 

e Posterior urethral valves are the commonest cause of con- 
genital urethral obstruction, with an incidence of 1 in 
5,000-8,000 of live male births. 

e Various types occur, the commonest of which are a bival- 
vular form and a diaphragm with a central pinhole. 
Posterior urethral valves can cause marked or even life- 
threatening bladder outlet obstruction, with upper tract 
deterioration. 
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Table 13.1 Congenital anomalies of the urethra 


Anomalies of form 
Lacuna magna 
Posterior urethral valve 
Anterior urethral valve 
Congenital stenosis 
Congenital diverticulum 
Congenital anterior diverticulum 
Cowper duct dilatation (syringocele) 
Prostatic utricle 
Congenital polyps 
Megalourethra 
Congenital fistula 

Anomalies of number 
Duplication 

Urethral groove malformations 
Epispadias 
Hypospadias 


Anterior Urethral Valves 

e Anterior urethral valve is a rare congenital anomaly of 
unclear embryological origin, involving anterior urethra. 

e Anterior urethral valves are seven to eight times less 
frequent than posterior counterparts. 


Congenital Stenosis 

e Congenital stenosis of the urethra comprises narrowing of 
the urethral lumen of developmental origin. It may be 
seen at any level of the urethra, most commonly at the 
junction of anterior and posterior urethra. 


Congenital Urethral Diverticula 

e Congenital diverticula include anterior diverticulum, 
Cowper duct dilatation (syringocele), and prostatic utricle 
cyst. 

e Anterior diverticulum develops on the ventral surface of 
the penile urethra as a result of either focal incomplete 
development of the corpus spongiosum or incomplete 
fusion of a segment of the urethral plate. 
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e Dilatation of Cowper duct, which drains into the membra- 
nous urethra, may appear as a urethral diverticulum. 

e The prostatic utricle is not a Miillerian duct remnant; it 
has recently been shown that the utricle forms as an 
ingrowth of specialized cells from the dorsal wall of the 
urogenital sinus as the caudal Miillerian ducts regress. Its 
size usually diminishes in the ninth week, but in some 
cases of hypospadias and intersexuality, a deep utricle is 
found; its size is generally inversely proportional to the 
degree of hypospadias. Cystic dilatation of the utricle 
may occur, and in some cases of this entity, there is a 
direct connection between the cavity of the utricle and the 
urethra; absence of such a communication results in a 
prostatic utricular cyst. 


Megalourethra 

e Megalourethra is a congenitally enlarged urethra, which 
may be scaphoid or fusiform in type. The scaphoid results 
from a developmental anomaly of the corpus spongiosum. 
In the fusiform type, the corpora cavernosa are also 
affected. 

e Megalourethra is associated with Prune Belly and VATER 
syndromes. 


Congenital Fistula 

e Congenital fistula occurs in neonates with imperforate 
anus. Boys with high imperforate anus frequently have a 
connection of rectum with the lower urinary tract, usually 
at the level of the prostatic urethra and, rarely, at the level 
of the bladder. 

e Congenital stenosis, congenital diverticula, and mega- 
lourethra are extremely rare anomalies. 


Anomalies of Number 


e Urethral duplication may be incomplete or complete with 
one or two orifices. 

e Incidence and prevalence of urethral duplication is 
extremely rare. 


Urethral Groove Malformations 


Hypospadias 

e Itis an abnormally located opening of the urethral meatus 
anywhere along the ventral aspect of the penis from the 
glans to the perineum. 

e Hypospadias is a relatively common anomaly, occurring 
in 0.3-0.8 % of male births. 


Epispadias 
e Jt is a congenital defect in dorsal urethra, mostly seen as 
an element of the epispadias-bladder exstrophy complex. 
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e Epispadias-bladder exstrophy complex occurs in 1 of 
33,000-40,000 in live births; sporadic epispadias is 
extremely rare. 


Normal Anatomic Variations of the Urethra 

Male Urethra 

e A ring-like narrowing can be seen in the proximal bulbar 
urethra that is believed to be caused by a normal tendi- 
nous sling of the bulbocavernous muscle. This narrowing 
is called by urologists as “Cobb’s collar.” 


Female Urethra 

Spinning Top Urethra 

e On voiding, the female urethra may appear ovoid, tubular, 
funnel-, or carrot-shaped; most of these variations are 
considered normal (Fig. 13.1). 

e “Spinning top” appearance of the urethra represents a 
widely distended proximal urethra; it is often considered 
normal but may be associated with bladder instability in 
up to 57 % of patients. 

e Since this finding was frequently associated with vesi- 
coureteral reflux (VUR) and urinary tract infections, it 
was attributed to a distal obstruction which caused 
increased pressure and dilatation of the proximal portion 
of the urethra. 

e With the assumption that distal urethral obstruction was 
present, treatment in previous years often included ure- 
thral dilatation. When VUR was found not to be due to a 
distal obstruction, but instead due to an abnormal 
configuration of the vesicoureteral junction which 
resolved spontaneously with age, urethral dilatation was 
discontinued. Spinning top urethra was then considered a 
normal variant. 

e Jt was not until relatively recently, with the use of com- 
bined synchronous video and pressure recordings, that a 
spinning top urethra was reported to be a significant 
abnormality, usually indicating bladder instability. The 
proposed mechanism was that involuntary detrusor con- 
tractions produce dilatation of the posterior urethra as 
leakage is prevented with distal sphincter contraction. In 
patients with intrinsic weakening of the bladder neck, 
such as in a congenital wide bladder neck anomaly, this 
dilatation will be even more evident. 

e Treatment options for voiding dysfunction such as blad- 
der instability include timed voiding, treatment of consti- 
pation, and prophylactic antibiotics for urinary tract 
infections. In some cases, anticholinergic medications, 
such as oxybutynin and propantheline, have been 
prescribed. 


Imaging 

Plain Film Radiography 

e Conventional X-rays have a limited role in the diagnosis 
of urethral anomalies. 
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Pubic diastasis is seen in epispadias-bladder exstrophy 
complex. 

Retrograde Urethrography, Voiding Cystourethrography 
Any obstructive lesion of the urethra causes dilatation of 
the normal urethra proximal to the lesion. 

Long-standing obstruction of any cause in the urethra 
results in typical changes in the bladder as increased tra- 
beculation and pseudodiverticular thickening of the blad- 
der wall. Hydronephrosis or end-stage renal disease may 
ensue. Posterior urethral valves may occasionally be visu- 
alized as linear radiolucent bands in the posterior urethra 
(Figs. and ). Dilatation, elongation, or deforma- 
tion of the urethra proximal to the valves and obstruction 
findings in the bladder and upper urinary tracts may be 
observed. 

Anterior urethral valves may occasionally be visualized. 
Dilatation of the urethra to the level of the bulbar urethra 
(40 %), penoscrotal junction (30 %), or pendulous urethra 
(30 %) and obstruction findings in the bladder and upper 
urinary tracts may be evident. 

Congenital stenosis of the urethra appears in cystography 
as eccentric or concentric narrowing of the lumen and 
obstruction findings in the bladder and upper urinary tract. 
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Fig. 13.1 Spinning top urethra. Axial (a), coronal reformatted (b), and sagittal reformatted (c) images demonstrate dilatation of proximal urethra 
with spinning top shape (arrows) in a 19-year-old female (B bladder) 


Congenital urethral diverticulum presents as a contrast- 
filled oval structure on the ventral aspect of the anterior 
urethra. 

Cowper duct cyst (syringocele) is seen as an ovoid con- 
trast filling at the ventral site of bulbous-pendulous ure- 
thra. Utricle cyst appears as a diverticular filling defect at 
the level of prostatic verumontanum (Fig. ). 
Megalourethra refers to very large urethra. It may be sca- 
phoid (boat-like) or fusiform in shape. 

Abnormal communication between the urethra and the 
rectum may be seen in congenital fistula. 

Urethral duplication is seen as two opacified urethral 
lumens, either communicating or non-communicating 
(Fig. 13.5). 


Ultrasound 


Prenatal ultrasound may detect bilateral hydronephrosis 
and lack of optimum emptying of the bladder in subse- 
quent exams on the same day in cases of posterior urethral 
valves. Dilatation of the proximal posterior urethra can be 
demonstrated. Oligohydramnios is an accompanying 
finding of severe obstruction secondary to urethral valves. 
Posterior urethral dilatation to the level of the urethral 
valves can be shown by transperineal ultrasound exam 
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Fig. 13.2 Cystogram of the bladder. Posterior urethral valve (arrow) 
and dilated posterior urethra (dotted arrow) 


Fig. 13.3 Posterior urethral valve. A transverse luminal filling defect 
(arrow) and dilated posterior urethra (dotted arrows) 


which may also demonstrate bladder trabeculation, thick- 
ening of the bladder wall, and hydronephrosis. 

e Ultrasound is of limited usefulness in precise demonstra- 
tion of anterior urethral valves, congenital stenosis, con- 
genital diverticula, megalourethra, and urethral duplication. 
Findings of proximal obstruction may be demonstrated. 

Magnetic Resonance Imaging 

e May be used in conjunction with retrograde urethrogra- 
phy to evaluate complex urinary system anomalies 


Pathology 

e Posterior urethral valves are obstructive mucosal folds 
that are found infrequently in the region of the verumon- 
tanum; they are the commonest cause of congenital 
urethral obstruction. 
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e Various morphologic forms of valves have been 
described, but they appear most commonly as a bivalvu- 
lar structure or as a diaphragm with a central pinhole 
(Fig. 13.6). 

e Posterior urethral valves in any form can cause significant 
or even life-threatening bladder outlet obstruction, with 
upper tract deterioration. 

e The obstructing folds consist of normal urothelium over- 
lying stroma that has a variable degree of chronic 
inflammation and edema. 

e Treatment involves endoscopic ablation of the folds, and 
usually no tissue is submitted for histologic evaluation. 

e In bladder exstrophy, there is a defect in the infraumbili- 
cal portion of the anterior abdominal wall and ventral 
bladder wall, resulting in exposure of the posterior wall of 
the bladder (Fig. 13.7). At the level of the pubis, the pubic 
symphysis is absent and rectus abdominis muscles are 
divergent. Penile abnormalities include epispadias and 
bifid glans penis. 


Differential Diagnosis 

e Low-grade obstructing congenital stenosis or anterior 
urethral valves in older patients may not be difficult to 
distinguish from acquired stenosis (strictures). 

e False luminal tracts that develop secondary to periure- 
thral inflammation may resemble urethral duplication 
(Fig. 13.8). 

e Traumatic disruption of the urethra may form a periure- 
thral cavity that may mimic a congenital urethral diver- 
ticulum. Whereas a diverticulum typically is smooth 
walled, a cavity of traumatic origin is more likely to an 
irregular outline (Fig. 13.9). 


Pearls and Pitfalls 

e During retrograde urethrography, the catheter should be 
placed as distal as possible, in order not to bypass obstruc- 
tive lesions, such as posterior or anterior urethral valves, 
or congenital stenosis (Fig. 13.10). 

e Voiding cystourethrography exams should always be per- 
formed with the patient in an oblique or lateral position 
for better depiction of the obstructing lesions. 

e Perineal ultrasound should be performed in addition to 
routine ultrasound exams when obstructive congenital 
urethral lesions are suspected. 


Acquired Nonneoplastic Disorders 
of the Urethra 

Inflammatory Diseases 

General Information 


e Inflammatory diseases of the urethra may be classified as 
infectious and noninfectious urethritis. 
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Fig. 13.4 Utricle cyst. Gray-scale transrectal ultrasound in sagittal and transverse planes demonstrates a midline utricle cyst with peripheral 
echogenic rim (arrows) 


e Infection-related urethral lesions include strictures related 
to gonorrhea or tuberculosis and condyloma acuminatum 
secondary to human papillomavirus infection. 

e Noninfectious inflammations include chemical urethritis 
(due to soap, cosmetics, spermicidal condom, etc.) and 
traumatic urethritis (repetitive self-catheterization, inter- 
ventions, etc.). 

e The diagnosis of urethritis is made clinically and no imag- 
ing is necessary in uncomplicated cases. 

e Potential complications of urethritis include urethral stric- 
ture, periurethral abscess, and periurethral fistula. 

e Sexually transmitted infections resulting in urethritis are 
common. 

e Condyloma acuminatum involves the urethra in 0.5-5 % 
of male patients. 

e Tuberculosis of the urethra is rare. 

e The frequency of chemical and traumatic urethritis is 
difficult to estimate. 


Imaging 

Retrograde Urethrography 

e Strictures typically appear as long segmental urethral nar- Fig. 13.5 Urethral duplication. Cystography reveals urethral duplica- 
rowing with irregular or nodular mucosa, most commonly tion in a neonate 
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Fig. 13.6 Posterior urethral valves. The arrow indicates mucosal folds 

that appear to be based near the verumontanum (From MacLennan GT, 

Resnick MI, Bostwick DG. Pathology for urologists. Philadelphia: 

Saunders; 2003, with permission) Fig. 13.8 False lumen mimicking urethral duplication. Cystogram 
demonstrates sinus tract (arrow) inside the corpus spongiosum 
secondary to inflammatory urethritis 


Fig. 13.7 Epispadias-bladder exstrophy complex. The bladder mucosa 
is exposed and edematous. The penis shows epispadias; the urethra is 
unformed (Photo courtesy of Jonathan Ross, M.D. and Katherine 
Hubert, M.D.) 
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Fig. 13.9 Urethrospongiosal 
connection with pouch formation 
mimicking urethral diverticulum. 
Anteroposterior (a) and oblique 
(b) views of retrograde 
urethrogram demonstrate contrast 
filling on the ventral side of the 
penoscrotal junction (arrows). 
The patient had a history of 
straddle-type injury that resulted 
in traumatic pouch 


in the distal part of the bulbous urethra (Figs. 13.11 and 
13.12). 

e Pseudodiverticular contrast accumulations may be seen 
due to dilated and disrupted Littre glands. 

e False luminal tracts, fistulas, and periurethral abscesses 
may appear as irregular extraluminal contrast 
accumulations. 

Ultrasound 

e Sonourethrography can demonstrate disruption of ure- 
thral mucosa, periurethral inflammation, abscess, and 
perineal or scrotal fistulas. 

Magnetic Resonance Imaging 

e Severe inflammation extending to the perineum, abscess, 
and fistulae may be demonstrated by MRI in complicated 
cases. 


Pathology 

e Condyloma acuminatum is often accompanied by similar 
lesions in the mucocutaneous surfaces of anus, perineum, 
or external genitalia (Fig. 13.13). 

e They are squamoproliferative lesions caused by the sexu- 
ally transmitted human papillomavirus (most commonly 
HPV 6, 11, 16, and 18) and may present as multifocal or 
diffuse disease (Fig. 13.14). 
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Differential Diagnosis 

e Strictures secondary to other types of inflammation or 
infection may be considered in the differential diagnosis, 
but the same therapeutic strategies would very likely be 
employed nonetheless. 


Trauma 


General Information 

e According to the anatomic location, urethral injuries are 
classified as anterior and posterior urethral injuries. 
Traumatic injuries of the urethra may be of blunt, pene- 
trating, or iatrogenic type. Urethral injury with penile 
fracture and injuries resulting from pancreas transplanta- 
tion are the special subtypes. 

Blunt Trauma 

e Pelvic fractures cause posterior urethral injury, whereas 
straddle-type trauma of the non-erect penis is a common 
cause of anterior urethral injury. Posterior urethral injury 
occurs in 4-17 % of males and in less than 1 % of female 
patients with pelvic fractures. 

e Penile fracture, which can occur in an erect penis during 
the sexual intercourse, may also cause the rupture of the 
anterior urethra. The incidence of penile fracture is low. 
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Fig. 13.10 Improper cannulization of the urethra for evaluation of a 
congenital stenotic lesion. The catheter is in the bladder which passed 
through the posterior urethral valve (arrow) 


Fig. 13.11 Postinflammatory changes in the urethra. Cystogram 
reveals multiple stenotic areas and multiple smooth, nodular filling 
defects (arrows) in the anterior urethra 


Penetrating Traumas 

e The anterior urethra may be traumatized by gunshot or 
knife wounds. 

e One-half of patients with penetrating penile injuries have 
urethral injuries, so urethrography is indicated in all such 
patients. 
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Penile Fractures 


Urethral injury accompanies to penile fracture in 38 % of 
patients. 

Iatrogenic Traumas 

Iatrogenic traumas may result in injury at any level of the 
urethra and are seen as a consequence of urological inter- 
ventions, surgery, or radiotherapy. 

Iatrogenic trauma due to interventions is probably com- 
mon; however, the exact frequency is difficult to 
estimate. 

One of the most common causes of urethral strictures of 
traumatic origin is iatrogenic injury, particularly those 
due to urological interventions. 

Urethral injury and disruption with urinary extravasation 
are observed in 6 % of pancreas transplantation cases. It is 
postulated that relatively minor urethral injuries occurring 
in this setting, where exocrine pancreatic secretions enter 
the urinary bladder directly, predispose to this 
complication. 

The most common cause of trauma to the female urethra 
is instrument delivery during childbirth. 


Imaging 
Plain Film Radiography 


In patients with blunt trauma, pelvic fractures with loss of 
alignment of pelvic bones on pelvic X-rays should raise 
suspicion for urethral injury, particularly in patients with 
fractures of the ischiopubic rami and/or separation of the 
symphysis pubis. 


Retrograde Urethrography 


Retrograde urethrography is the preferred initial study for 
urethral and periurethral imaging in men and is indicated in 
the evaluation of urethral injuries, strictures, and fistulas. 
Urethral injuries are classified into five types on the basis 
of findings at retrograde urethrography as follows: 

— Type I injury: The prostatic urethra is seen stretched 
and elongated but the integrity of the urethra is main- 
tained. No extraluminal contrastis detected (Fig. 13.15). 
This is usually associated with open-book fracture of 
the symphysis pubis. 

— Type II injury: Extravasation of contrast material is 
seen at the level of the membranous urethra which 
does not extend to the perineum, as the urogenital dia- 
phragm is intact (Fig. 13.16). 

— Type III injury: Extravasation of contrast material at 
the level of the membranous urethra, extending into 
the proximal bulbous urethra because of laceration of 
the urogenital diaphragm (Figs. 13.17 and 13.18). 

— Type IV injury: Bladder base injury with extraluminal 
contrast material in the retroperitoneum extending to 
the proximal urethra (Fig. 13.19). 

— Type V injury: Straddle anterior urethral injury result- 
ing in contusion, partial or complete rupture of the bul- 
bous urethra and/or corpus spongiosum (Fig. 13.20). 
Contrast material from the urethra extends into the 


13 Congenital and Acquired Nonneoplastic Disorders of the Urethra 


Fig. 13.12 Postinflammatory 
changes in penile urethra. 
Cystogram demonstrates multiple 
nodular filling defects (dotted 
arrows) and concentric narrowing 
(arrow) in the distal penile urethra 


Fig. 13.13 Urethral condyloma. The urethra viewed at urethroscopy 
in this image is carpeted by numerous papillomatous excrescences, 
which proved histologically to be urethral condylomas. Condylomas 
that are flat rather than papillary are less readily recognized endoscopi- 
cally (From MacLennan GT, Cheng L. Atlas of genitourinary pathol- 
ogy. New York/London: Springer; 2011, with permission) 


corpus spongiosum or between the layers of tunica 
albuginea and Buck’s fascia or Colles’ fascia, depend- 
ing on the integrity of Buck’s fascia. The radiologic 
findings in anterior urethral injury in penile fractures, 
involving the shaft of the penis, resemble this type 
(Fig. 13.21). 
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Intravenous Pyelography 

e Complete disruption of the male membranous urethra, 
which occurs in both types II and III urethral injury, may 
result in dislocation of the bladder out of the pelvis, which 
resembles “pie in the sky.” 

Ultrasound 

e Anterior urethral injuries secondary to straddle type of 
trauma, penetrating trauma, and the urethral injuries in 
penile fractures can be evaluated by ultrasound. 

e Common findings include subcutaneous or intraspon- 
giosal hematoma and complete or incomplete mucosal 
interruption. 

e The role of ultrasound in evaluating posterior urethral 
injuries is limited. 

Computed Tomography 

e Computed tomography is the imaging method of choice 
in multiorgan trauma evaluation, but its utility in detec- 
tion and demonstration of extent of the injuries in urethral 
trauma is limited. 

e Computed tomography does not reliably discriminate 
between type II and type III urethral injuries in all patients 
and is of limited value in evaluating anterior (type V) ure- 
thral injuries. 

e Retrograde urethrography is the most informative radio- 
logic procedure in studying the nature and extent of ure- 
thral injuries. However, computed tomography provides 
better demonstration of pelvic hematoma, bladder rupture, 
and other pelvic organ injuries. The use of both imaging 
modalities provides optimal information. 
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Fig. 13.14 Urethral condyloma. 


The squamous epithelium is 
hyperplastic but shows delayed 
maturation. The nuclei of the 
squamous cells are eccentric, 
wrinkled, hyperchromatic, and 
moderately pleomorphic 
(koilocytic atypia), and many 
have clear perinuclear halos due 
to cytoplasmic retraction away 
from the nucleus 


Fig. 13.15 Type I urethral injury. (a) Cystogram demonstrates elonga- 
tion of posterior urethra (arrows) with no contrast. This occurs second- 
ary to disruption of puboprostatic ligament. (b) Retrograde urethrography 
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reveals elongation of intact posterior urethra. Bladder has an ovoid 
shape because of retroperitoneal hematoma 
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Fig. 13.16 Type II urethral injury. Retrograde urethrography reveals 
extravasation of radiographic contrast (arrows) on superior side of the 
urogenital diaphragm 


Fig. 13.18 Type IN urethral injury. Extravasation of contrast material 
(arrows) on both sides of the urogenital diaphragm is demonstrated on 
retrograde urethrogram. Diastasis pubis (arrowhead) is also seen 


e CT classifications of urethral trauma: 

— Type I injury: Distortion of the prostatic contour and 
obscuration of the pre-prostatic fat space by hematoma 
as a result of disruption of the puboprostatic ligaments, 
which run in the pre-prostatic fat space. 

— Type IT: Contrast material extravasation evident only 
above the urogenital diaphragm. 

— Type III: Contrast material extravasation extending 
below the urogenital diaphragm. Type HI injury is 
the type most commonly associated with pelvic 


fracture. 
— Type IV: Contrast material around the inferior bladder 
and proximal urethra (Fig. ). 


— Type V: No role. 
Magnetic Resonance Imaging 
e Although it has the advantage of high soft tissue contrast 
and multiplanar imaging capability, the utility of MR 
Fig. 13.17 Type III urethral injury. Retrograde urethrography demon- imaging in emergent evaluation of urethral trauma is 
strates extravasation of radiographic contrast leakage (arrows) on both limited. 
o aii a e MR imaging has not been shown to be superior to retro- 
grade urethrography in demonstration of luminal injuries; 


e CT findings in urethral trauma: consequently, its use would not alter clinical management. 
— Distortion or obscuration of the urogenital diaphragm 
fat plane 
— Hematoma of the ischiocavernosus muscle Urethral Calculi 


— Distortion or obscuration of the prostatic contour 
— Distortion or obscuration of the bulbocavernosus General Information 

muscle e Although urinary tract calculus formation is common, it 
— Hematoma of the obturator internus muscle is quite uncommon for urinary tract calculi to become 
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Fig. 13.19 Type IV urethral injury after trauma. (a) Retrograde ure- 
thrography reveals bladder base injury with extraluminal contrast mate- 
rial in the retroperitoneum (dotted arrow) extending around the proximal 
urethra (short arrow). (b) Axial CT image of the same patient reconfirms 
the findings in (a) (arrow) indicates extraluminal contrast 


enlodged in the urethra when passing from above; this 
may occur at sites of urethral narrowing. 

e In situ stone formation in the urethra is very rare. 

e The narrowest points of the urethra are the prostatic urethra 
in patients with hypertrophied prostates, the bulbomem- 
branous junction, or sites of acquired urethral stricture. 

e Urethral anomalies such as diverticulum, megalourethra, 
or Cowper duct anomalies may lead to stone formation at 
the site of the anomaly. 


Imaging 

Plain Film Radiography 

e Radiopaque stones may be seen at the site of enlodgment, 
as a density over the symphysis pubis. 

Retrograde Urethrography 

e An intraluminal round, oval, or irregular filling defect 
may be seen and may or may not allow the passage of 
contrast material (Fig. ). 
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Fig. 13.20 Type V urethral injury (anterior urethral injury) due to strad- 
dle type of trauma. (a) Retrograde urethrography reveals ruptured urethra 
at penoscrotal junction (arrow). (b) Extraluminal contrast also opacifies 
the venous system of penis and right internal iliac vein (dotted arrows) 


Ultrasound 

e Urethral stones are seen as high echogenic reflections 
with acoustic shadowing (Fig. J: 

Computed Tomography 


e Calculi located at the level of the prostatic or bulbomem- 
branous urethra may be demonstrated as high density 
opacities. 


Differential Diagnosis 
e Prostatic calcifications 
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Pearls and Pitfalls urethral calculi typically are intraluminal, whereas pros- 
e Transperineal ultrasound can be used to demonstrate the tatic calcifications are off-midline, extraluminal, and 
prostatic or membranous urethral calculi. periurethral in location. 


e Transrectal ultrasound may prove helpful in distinguish- 
ing prostatic calcifications from prostatic urethral calculi: 


Acquired Female Diverticulum 


General Information 

e Acquired female urethral diverticulum is regarded as a 
consequence of rupture of dilated and infected periure- 
thral glands. 

e Itis seen in 1.4 % of women with stress urinary inconti- 
nence and is commonly associated with recurrent urinary 
tract infection. 

e Urethral diverticula may be complicated by abscess for- 
mation; stone formation in the diverticulum occurs in 
5-10 % of patients. 

e In some cases, urethral carcinoma mimics urethral 
diverticulum. 


Imaging 

Voiding Cystourethrography 

e Voiding cystourethrography has an overall accuracy of 
85 % in the diagnosis of urethral diverticulum. 

e The presence of filling defects within diverticula may 
suggest the possibility of urethral calculi or diverticular 
tumors. 


Fig. 13.21 Urethral injury in penile fracture. Retrograde urethrogran © Limitations of voiding cystourethrography include the 
reveals rupture of urethra at midshaft of penis with extravasation of inability to define the diverticular orifice. 
contrast material (arrow) 


Fig. 13.22 Urethral stone. 
Cystogram reveals urethral stone 
as an ovoid opacity superimposed 
on the symphysis pubis (arrow) 
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Fig. 13.23 Urethral stone. (a) Pelvic ultrasound demonstrates a stone posterior acoustic shadowing. (b) Transperineal ultrasound demon- 
in the prostatic urethra with an echogenic appearance (arrow) and strates urethral stone (arrow) within prostatic urethra 


Intravenous Pyelography 

e Single or multiple, unilocular or multicompartmental 
diverticular contrast filling with a wide or narrow neck, 
seen in a variety of configurations, and usually located 
posterolateral to the mid-urethra (Fig. ). 

e When a diverticulum arises from the proximal urethra, the 
bladder floor may be elevated, resulting in “female pros- 
tate” appearance. 

Ultrasound 

e Anechoic or complex cystic lesion which may be single 
or multiple, unilocular or multicompartmental. 

e Peridiverticular inflammatory changes can be demon- 
strated as hypoechoic striations around the lesion. 

e Intradiverticular stone or tumor may be evident. 

Computed Tomography 

e Delayed contrast-enhanced CT may detect the diverticu- 
lum. CT is not the method of choice in diagnosis. 

Magnetic Resonance Imaging 

e The best method for the diagnosis of urethral diverticu- 
lum is MRI, which demonstrates a periurethral cystic 
lesion in signal intensities depending on the complexity 
of the diverticulum (Fig. | ). 

e Non-complicated diverticulum is isointense with the urine 
in all sequences. 

e Complicated lesions show lower signal on T2W and 
higher signal on TIW images, when compared to the 
urine. 

e Stones inside the diverticulum appear as signal void 
area. 

e Solid intensity lesions in the diverticulum should raise the 
suspicion for malignancy. Paramagnetic contrast enhance- 
ment of a solid lesion is a malignant tumor in most 


Fig. 13.24 Acquired female diverticulum of the urethra. 
Anteroposterior (a) and oblique (b) images of intravenous pyelography 
demonstrate urethral diverticulum as a saccular-shaped contrast-filled 
outpouching (arrows) cases. 
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Fig. 13.25 Acquired female urethral diverticulum. Axial (a) and sagittal 
(b) T2W MR images demonstrate urethral diverticulum (dotted arrow) 
as hyperintense cystic structure. Urethra is denoted by short arrow on a 


e Inflammation of the diverticulum or the peridiverticular 
tissues is seen as inhomogeneous striated intensities and/ 
or contrast enhancement. 


Differential Diagnosis 

e Vaginal cysts (Gartner’s duct cyst, paramesonephric or 
Miillerian duct cyst, epithelial inclusion cyst) 

e Endometrioma 

e Ectopic ureterocele 

e Urethral tumors 


Pearls and Pitfalls 
e Demonstration of the neck of the diverticulum is impor- 
tant for the surgery to prevent the recurrence. 


Fig. 13.26 Urethral diverticulum. This is the interior of a suburethral 
diverticulum, which has been opened via a vaginal approach. A Foley 
catheter is in the urethra, which lies at the deep aspect of the opened 
cystic lesion (Image courtesy of Howard Goldman, M.D. From 
MacLennan GT, Cheng L. Atlas of genitourinary pathology. New York/ 
London: Springer; 2011, with permission) 


Pathology 

e This is a localized variably sized saccular outpouching of 
urethral mucosa into the anterior vaginal wall, which usu- 
ally presents as a periurethral mass in women 
(Fig. 13.26). 

e Diverticula may be congenital or acquired; in adults, they 
are largely acquired, resulting from a variety of causes 
involving the paraurethral glands. 

e Diverticula are lined by normal urothelium that often 
undergo squamous, glandular, or nephrogenic metaplasia. 
Infection, stricture, and stones may develop and cause 
obstruction. 

e Infrequently, cancer may arise within a diverticulum, the 
most common of which are squamous cell carcinoma and 
adenocarcinoma (Fig. 13.27). 


Strictures 


General Information 

e Urethral stricture is defined as acquired narrowing of the 
urethral lumen. 

e The prevalence of male urethral stricture is 193—1,200 per 
100,000 males. The risk of its occurrence increases with 
age. 

e Strictures are classified according to their etiology 
(Table 13.2). 

e They are described according to their location as: 

Anterior urethral strictures 
— Strictures at the fossa navicularis and distal penile ure- 
thra may result from balanitis xerotica obliterans, an 
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Fig. 13.27 Urethral diverticulum 
harboring cancer. This middle- 
aged female presented with a 
suburethral mass that was thought 
to be a conventional diverticulum 
but was unexpectedly found to 
have adenocarcinoma in the 
lesion, shown here. The lesion 
consists of malignant cells 
forming glandular structures 
arranged in a cribriform pattern 


Table 13.2 Urethral strictures in men 


Etiology Location 
Postinfectious Anterior urethra, predomi- 
nantly bulbous 
Posttraumatic 
Straddle injury Bulbous urethra 
Pelvic fracture Prostatomembranous urethra 
Iatrogenic 
Postinstrumentation Membranous urethra, 
penoscrotal junction, bladder 
neck 
Postcatheterization Penoscrotal junction 
Neoplastic Anterior urethra 
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Imaging 

Plain Film Radiography 

e Conventional X-rays are of limited utility. Pelvic fracture 
sequela may be a clue in the diagnosis. 

Retrograde Urethrography 

e Retrograde urethrography is the primary radiologic 
method to image anterior urethral stricture. 

e Level, extent, number, and degree of strictures and periure- 
thral abnormalities which are important factors in determin- 
ing appropriate treatment can be demonstrated in retrograde 
urethrography (Figs. 13.28, 13.29, 13.30, and 13.31). 

e Incomplete obstruction, antegrade voiding urethrogra- 
phy, employing contrast instilled into the bladder via a 
suprapubic catheter, may be employed. Abrupt termi- 
nation of the lumen with smooth mucosal surface is 


idiopathic sclerosing inflammatory disease of the glans 
penis. Pendulous urethral strictures may be iatrogenic 
or may be a sequel of hypospadias repair. Pendulous 
and bulbar urethral strictures may occur secondary to 
sexually transmitted diseases or as a complication of 
straddle-type injury of the anterior urethra. 
Posterior urethral strictures 

— Posterior urethral strictures at membranous urethra are 
mostly due to posterior urethral injuries either trau- 
matic or iatrogenic. Prostatic strictures are commonly 
iatrogenic occurring as a consequence of transurethral 
resection of the prostate, radical prostatectomy proce- 
dures, or prostatic irradiation. 


seen. 
Voiding at the conclusion of intravenous pyelography is 
an alternative method to evaluate the urethra. 

Traumatic strictures are commonly single. Multiple ante- 
rior urethral strictures are most commonly of inflammatory 
etiology. 

In complete obstruction, an abrupt amputation of lumen 
with smooth mucosal surface is seen. 


Ultrasound 


Sonourethrography is an alternative procedure to retro- 
grade urethrography. It has been reported to be more 
accurate than retrograde urethrography for estimating the 
length of urethral strictures. 
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Fig. 13.28 Posttraumatic stricture. Retrograde urethrography (a) and antegrade urethrography via suprapubic bladder catheter (b) of the same 
patient reveals nonopacification of bulbar urethra suggesting complete occlusion (arrows) 


Fig. 13.29 Posttraumatic stricture. Retrograde urethrography reveals 
long segment stenosis of the penile urethra with smooth contours 


arrow) Fig. 13.30 Stricture of distal penile urethra. Voiding cystourethrogra- 


phy demonstrates the narrowing of the urethral lumen (arrow) in the 
penile segment 


e Periurethral fibrosis is seen as thickened, irregular, non- 
distensible tissue. When sonourethrography demonstrates Magnetic Resonance Imaging 
posterior shadowing and a non-distensible lumen diameter ° MultiplanarT2W MR imaging can help to assess prostatic 
of less than 3 mm during maximum retrograde distention, urethral and pelvic fibrosis. 
the degree of periurethral fibrosis is considered to be severe. 
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Fig. 13.31 Fracture of urethral stent demonstrated on cystogram. Urethral stent that has been placed to palliate the stricture is broken and now 
itself behaves as a cause of stenosis (arrows) 


Fig. 13.32 Urethral stricture. 
The stricture shown here followed 
an endoscopic procedure that 
resulted in urethral disruption. 
Following injury, a stricture 
developed and eventually required 
surgical excision, with 
reanastomosis of the urethral 
segments. The image shows 
near-total obliteration of the 
urethral lumen, which has been 
reduced by scarring and chronic 
inflammation to two tiny pinholes 
(arrows) 
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Fig. 13.33 Urethral fistula. Cystogram reveals contrast extravasation 
in the periurethral area (arrows) with a connection to the medial of left 
thigh (dotted arrow) that represents fistula in a patient with prior 
prostate surgery 


Differential Diagnosis 
e Urethral tumors 


Pathology 

e Urethral strictures can occur at any point in the urethra. 

e Most are secondary to one of a broad spectrum of etio- 
logic entities, including infection and prior trauma; some 
are idiopathic in origin. 

e They are characterized by urethral scarring and diminu- 
tion of the caliber of the urethra, which hampers urination 
(Fig. 13.32). 


Fistulas 


General Information 

e Fistulas of the urethra result from any process that destroys 
the tissue planes between the urethra and the adjacent 
organs or tissues. 

e Their names reflect the site to which the abnormal com- 
munication occurs, e.g., rectourethral, urethrovaginal, 
urethroperineal, urethrocutaneous, and urethrocavernous. 

e They may be congenital or acquired (secondary to trauma, 
surgery, radiotherapy, or severe inflammations). 

e Urethral fistulas are infrequent. 
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Fig. 13.34 Urethral fistula. Cystogram demonstrates a fistula between 
urethra and scrotal skin (arrows) in a patient with repeated urethral 
catheterizations 


Imaging 

Retrograde Urethrography, Voiding Cystourethrography 

(VCUG) 

e Abnormal trace of contrast material between the urethra 
and the fistulized organ or tissue is detected (Figs. 13.33 
and 13.34). 

e VCUG or retrograde urethrography can delineate the 
fistulous tract for surgical planning. 

e Small-caliber fistulas may be demonstrated on lateral 
images. 

Ultrasound 

e Ultrasound is not efficient in delineating the exact track of 
the fistula but provides information about perifistulous 
inflammatory changes and abscesses. 

Computed Tomography 

e CT is not efficient in delineating the exact track of the 
fistula but can be used to evaluate and monitor the extent 
of periurethral and periprostatic fluid collections. 

Magnetic Resonance Imaging 

e In some cases, a fistula may be delineated as a direct 
communicating channel with an adjacent organ. In 
cases in which direct visualization of the fistula is not 
always possible, the secondary signs including focal 
enhancement with loss of intervening fat planes may be 
seen. 
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Michele Bertolotto, Massimo Valentino, Libero Barozzi, 
Giovanni Serafini, Francesca Cacciato, Pietro Pavlica, 
and Gregory T. MacLennan 


Introduction 


Urethral cancer is a rare disease which may occur at any age 
but is observed more often during the seventh decade. It is usu- 
ally considered more common in females, but a recent study 
shows in the United States an annual age-adjusted incidence 
rate of 4.3 per million men and 1.5 per million women. The 
incidence is higher in African Americans. Different histologic 
patterns of urethral tumors are recognized. The most common 
type of urethral malignancy is squamous cell carcinoma which 
accounts for about 80 % of cases in men and 60 % of cases in 
women. Transitional cell carcinoma is the second most com- 
mon urethral malignancy in both sexes. In males, this lesion 
accounts for 15 % of total cases, in females for 20 % of 
patients. Other primary malignant tumors of the urethra are 
rare. Only sporadic cases of lymphoma, melanoma, and neu- 
roendocrine tumors have been reported in the literature. 
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Secondary urethral tumors are very rare, with only 160 
cases reported in a review series till 1979. Most commonly 
they result from contiguous tumor extension from adjacent 
organs such as the bladder, prostate, penis, and gastrointesti- 
nal tract. Hematogenous urethral metastases from melanoma, 
renal tumor, and lung carcinoma have also been reported. 

In male patients, about 60 % of urethral tumors occur in 
the bulbomembranous region, 30 % in the penile urethra, and 
10 % in the prostatic urethra. Cancers of the meatus are 
rare. 

The exact incidence of benign neoplasms of the urethra is 
not known. These lesions may arise from any histological 
elements. In a Russian study of 107 benign tumors of the 
male urethra identified during a 20-year period, 67.3 % were 
viral papillomas, 22.4 % polyps, and 10.4 % angiomas. 


Imaging Findings and Pathological Features 
Primary Urethral Carcinoma 


Urethrography 

e Urethral tumors present at urethrography as irregular nar- 
rowing of the urethral lumen. This technique is the first 
imaging modality in evaluating male patients, while in 
female patients it is less commonly used. 

e Retrograde urethrography is best suited to evaluate ante- 
rior urethral lesions in male patients, while voiding ure- 
thrography best depicts posterior urethral tumors in male 
and tumors in any location in female patients. Both void- 
ing and retrograde urethrography can be associated to 
evaluate the proximal and the distal portions of the same 
lesion in men (Figs. 14.1 and 14.2). 


Ultrasound 

e High-resolution transperineal, transrectal, and transvaginal 
ultrasound are reliable for urethral abnormalities. 

e Retrograde sonourethrography allows an excellent evalu- 
ation of the anterior penile urethra. Normal saline solution 
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Fig. 14.1 Male patient. Carcinoma of the bulbous urethra. (a) Voiding thra (*). (b) Retrograde urethrography is more accurate for evaluating 
cystourethrography shows an irregular stenosis (arrowheads) at the the proximal portion of the stenosis (arrowheads) 
level of the bulbous urethra with marked dilatation of the posterior ure- 


high-frequency endorectal probes; transperineal sonog- 
raphy is less accurate. 

e Transvaginal and transrectal ultrasound provide the best 
evaluation of the female urethra. 

e Urethral carcinoma appears as a hypo- to isoechoic, irreg- 
ularly marginated lesion. Ultrasound is able to identify 
the mass and the associated urethral stricture and can 
detect the spread into the surrounding periurethral tissue 
(Figs. and ). 


Computed Tomography 

e In some centers, CT is the most commonly used proce- 
dure for imaging the local extent and pelvic spread of ure- 
thral malignant disease. The accuracy of the technique, 
however, is limited both in female and in male by the low 
contrast resolution compared to MR imaging (Fig. j. 

e In female patients, in particular, the difficulty in differen- 
tiating the vagina from urethra and therefore detecting 
tumor involvement of the anterior vaginal wall is a major 
limitation of this modality. Moreover, evaluation of 
involvement of the base of the urinary bladder is problem- 
atic because tumor and bladder wall have similar CT 
attenuation. 

e Major indications of CT scan in patients with urethral 


Fig. 14.2 Female patient. Carcinoma of the urethra. Voiding cystoure- 
thrography shows a severe irregular stenosis at the level of the middle 
urethra (arrowhead) 


is introduced to distend the lumen and create a good con- 
trast with adjacent tissue. Intraluminal lubricant and 
anesthetic jelly can also be used. The posterior portion 
of the penile urethra can be investigated using linear 


malignancies are evaluation of nodal disease and 
identification of pulmonary, cerebral, hepatic, adrenal, and 
other abdominal metastases. Nodal enlargement, however, 
is nonspecific for malignancy, and distant metastases are 
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Fig. 14.3 Male patient. Carcinoma of the bulbous urethra. (a) 
Longitudinal ultrasound scan. Voiding sonourethrography shows a 
tumor mass (M) with extensive infiltration of the corpus spongiosum 
(curved arrows) causing severe stenosis of the urethra. The urethral 
lumen is dilated proximal to the lesion (*) and not distended distal to 
the lesion (arrowheads). (b) Axial ultrasound scan. Retrograde son- 


uncommon at first examination and are reported to occur 
in only 10-15 % of advanced cancer (Fig. ). 


Magnetic Resonance Imaging 
e The value of MR imaging in the detection and character- 
ization of urethral tumors is limited. In fact, small lesions 


ourethrography shows the distal portion of the mass (M) infiltrating the 
corpus spongiosum. The urethral lumen (arrowheads) is irregular and 
stenotic. (c) Longitudinal ultrasound scan at the base of the penis show- 
ing the mass (M) infiltrating the corpus spongiosum (curved arrows) 
and the corpora cavernosa (CC) 


may be overlooked, and differential diagnosis between 
benign and malignant pathologies may be difficult. The 
appearance of benign granulation tissue and that of malig- 
nant tumors, in particular, may be similar. With its multi- 
planar capability and high tissue contrast, MR imaging is 
widely used for local staging of urethral cancer both in 
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Fig. 14.4 Female patient. Urethral carcinoma. Longitudinal transrec- 
tal ultrasound scan demonstrates a urethral tumor mass (M) infiltrating 
the vagina (curved arrows) and the base (arrowheads) of the urinary 
bladder (B) 


Fig. 14.5 Male patient with urethral cancer. Contrast-enhanced coro- 
nal CT image showing a mass (*) replacing the bulbar portion of the 
corpus spongiosum. No cleavage is appreciable between the mass, cor- 
pora cavernosa (arrowheads), and the soft tissues of the scrotal root. 
The tunica albuginea of the corpora cavernosa is not interrupted 


men and women. In men, it is especially useful for those 
tumors that invade the root of the penis for which a com- 
prehensive physical examination is often limited. 


Fig. 14.6 Male patient with urethral cancer. MIP image of contrast- 
enhanced CT reveals the urethral mass (*) and bilaterally enlarged 
inguinal nodes (arrows) 


e In female patients, a study reports that MR imaging is 
80 % accurate in showing tumor extension to the periure- 
thral adipose tissue and 73 % accurate in showing inva- 
sion of the anterior vaginal wall (Fig. ). MR imaging 
is effective also in evaluating infiltration of the bladder 
wall and pelvic vascular involvement (Fig. 8). 

e The reported accuracy of MR imaging for pelvic and 
abdominal lymph node staging is similar to CT. 
Preliminary investigations using lymphotropic contrast 
agents show promising results in differentiating reactive 
from malignant nodes in pelvic cancers. No data, how- 
ever, have been reported on urethral tumors. 

e At MR imaging, urethral cancer is seen in males as a soft 
tissue mass along the course of the urethra with similar or 
lower signal intensity on T1l-weighted images and lower 
signal intensity on T2-weighted images compared to that 
of the surrounding corpus spongiosum. Sometimes high 
signal intensity on T2-weighted images is observed, due 
to associated inflammation. 

e After gadolinium administration, the tumor usually shows 
mild enhancement and therefore presents with lower signal 
intensity than the surrounding corpus (Fig. 14.9). Tumor 
extension into the penile bodies can be demonstrated on 
T2-weighted and contrast-enhanced T1-weighted images. 

e Rarely, the urethral tumor can arise from the Cowper’s 
gland and may be seen as soft tissue mass in the urogeni- 
tal diaphragm where the Cowper’s gland is located. 

e Only sporadic cases of other primary malignancies of the 
urethra evaluated with MR imaging have been reported in 
the literature. 
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Fig. 14.7 Female patient with urethral cancer. Axial T1-weighted MR 
image demonstrates a urethral mass (*) with irregular margins 
infiltrating the periurethral adipose tissue (arrowheads) and the anterior 
wall of the vagina (curved arrow) 
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Fig. 14.8 Female patient with urethral cancer. Sagittal gadolinium- 
enhanced T1-weighted MR image demonstrates the urethral tumor (*) 
infiltrating the urinary bladder (curved arrow) and the anterior wall of 
the vagina (arrowheads) 


e Squamous cell carcinomas are hypointense on T2-weighted 
images and show heterogeneous contrast enhancement. 

e At MR imaging, transitional cell carcinomas appear as 
lobulated masses that are iso- to hypointense on both 


Fig. 14.9 Male patient. Carcinoma of the bulbous urethra. Sagittal 
T2-weighted (a) and gadolinium-enhanced T1-weighted (b) MR images 
show the mass (*) infiltrating the root of the corpora cavernosa (curved 
arrow) 


Tl- and T2-weighted images and demonstrate heteroge- 
neous contrast enhancement. 

e Adenocarcinoma appears as a heterogeneously enhanc- 
ing, exophytic tumor commonly located in a diverticulum. 
At MR imaging, it shows high signal intensity on 
T2-weighted images with a low-intensity peripheral rim 
and variable contrast enhancement. 
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Fig. 14.10 Primary squamous 
cell carcinoma of male urethra. 
Patient was a 27-year-old male, 
without a prior history of 
malignancy or any known 
predisposing conditions prior to 
discovery of this lesion. The 
gray-white lesion (arrow) 
infiltrated periurethral soft tissues 
(From MacLennan GT, Resnick 
MI, Bostwick DG. Pathology for 
urologists. Philadelphia: 
Saunders; 2003, with permission) 


Nuclear Medicine 


Skeletal scintigraphy is the most sensitive method for 
detecting bone metastases which in fact are very rare in 
patients with urethral cancer. PET/CT reduces the limita- 
tions of CT and MR imaging in detection of metastatic 
nodal involvement in other pelvic malignancies; no stud- 
ies, however, evaluated patients with urethral cancer. 


Pathology 


Primary urethral carcinoma occurs more often in females 
than in males but is rare in both. Cancers that arise in the 
prostatic urethra in males and in the proximal third of the 
urethra in females are almost always typical urothelial car- 
cinomas, similar to those that arise in the urinary bladder. 
It should be noted that the great majority of urothelial 
cancers in these sites arise in association with urinary 
bladder urothelial carcinoma, synchronously or metachro- 
nously. 

Cancers arising in the membranous, bulbous, or penile 
urethra in men and in the distal two-thirds of the urethra 
in women are more often of squamous cell type, rather 
than urothelial (Fig. 14.10). Primary urethral adenocarci- 
noma is exceptionally rare in males but does account for a 
small minority of female cases. 

Primary prostatic urethral tumors in men often present at 
a high stage and can be difficult to treat. Consequently, 
the 5-year survival rates for such tumors are in the range 
of 20 %. Primary distal urethral cancers in men are usu- 
ally found at an earlier stage, and about two-thirds of 
patients survive 5 years (Figs. 14.11 and 14.12). 

Primary malignant urethral tumors in women can mimic 
common benign urethral lesions clinically and are some- 
times found unexpectedly in surgical specimens excised 
with a preoperative diagnosis of urethral diverticulum or 
urethral caruncle (Fig. 14.13). 
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Fig. 14.11 Primary urothelial carcinoma of male urethra. A white 
irregular tumor involves the urethra and adjacent erectile tissue. Patient 
had no prior history of urothelial carcinoma involving sites proximal to 
this lesion (Image courtesy of Liang Cheng, M.D.) 


Squamous cell carcinoma accounts for about three-quar- 
ters of primary urethral carcinomas in females; the 
remainder are urothelial carcinomas and adenocar- 
cinomas. 

The histologic findings in urothelial carcinomas, squamous 
cell carcinomas, and adenocarcinomas arising primarily 
in the urethra in men and women are entirely similar to 
those that occur in the urinary bladder and have been 
described in Chap. 11. 
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Fig. 14.12 Primary urothelial 
carcinoma of male urethra. 
Section from the lesion shown in 
Fig. 14.11. A papillary 
carcinoma partially fills the 
urethral lumen and infiltrates 
corpus spongiosum (arrows) 


Fig. 14.13 Squamous cell 
carcinoma of female urethra. 
Patient underwent excision of a 
lesion that was clinically a 
suburethral diverticulum, but 
histologic evaluation showed an 
infiltrative neoplastic lesion 
(arrows). Invasive squamous cell 
carcinoma was found (inset) 
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Urethral Metastases 


Ultrasound 

e Urethral metastases present at ultrasound as nodules of 
variable echogenicity and vascularization. Metastatic 
involvement from adjacent organs can present with 


Fig. 14.14 Male patient with metastatic involvement of the urethra 
from bladder cancer. Longitudinal ultrasound scan demonstrates recur- 
rent tumor (M) infiltrating the corpus spongiosum (curved arrow) and 
the corpora cavernosa (CC) 


Fig. 14.15 Metastatic cancer 
involving urethra. Patient had 
invasive high-grade urothelial 
carcinoma of the bladder that 
metastasized to the penis, 
forming an expansile nodule that = pyy yt yyy 
filled the corpora cavernosa and |} 
eroded the urethra (arrows) 
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diffuse infiltration of the urethra and surrounding 
tissues (Fig. 14.14). 


Magnetic Resonance Imaging 

e On T2-weighted images, urethral metastases show inter- 
mediate signal intensity. Invasions from other malignan- 
cies may be evaluated more appropriately on MRI. 


Pathology 

e Involvement of the urethra by a distant cancer is uncom- 
mon. It may occur by direct contiguous extension of can- 
cers of the bladder, prostate, penis, or gastrointestinal 
tract or by hematogenous spread from a more distant site 
(Figs. 14.15 and 14.16). 

e The distinction between urethral and penile metastases in 
males is obviously difficult in some instances and proba- 
bly not of significant clinical relevance. 


Malignant Melanoma 


Magnetic Resonance Imaging 

e Malignant melanoma can present high signal intensity on 
T1-weighted images, suggesting the presence of melanin, 
and strong enhancement after IV injection of gadolinium. 
The appearance of this tumor, however, can also be not 
specific. 


Pathology 
e Secondary involvement of the urethra by melanoma of the 
penis or vulva is more common than primary urethral 
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Fig. 14.16 Metastatic cancer 
involving urethra. Patient had a 
history of colonic adenocarci- 
noma. He developed a penile 
nodule that eroded the urethra. 
A core needle biopsy of the 
lesion shows adenocarcinoma, 
morphologically consistent with 
a colon primary (Image courtesy 
of Liang Cheng, M.D.) 


melanoma; nonetheless, the urethra is the most common 
site of primary melanoma in the genitourinary tract. 

e It presents as a nodular mass that may be pigmented or 
ulcerated (Fig. 14.17). Prognosis depends on the thick- 
ness of the lesion. Radial growth is often extensive, and 
skip lesions in the bladder or ureter are sometimes noted. 

e Melanoma is composed of poorly differentiated malig- 
nant cells with pleomorphic nuclei, spindle and polygonal 
cytoplasmic contours, and intracytoplasmic melanin pig- 
ment (Fig. 14.18). The diagnosis can be aided immuno- 
histochemically by the use of a variety of melanocytic 
markers. 


Other Malignant Tumors 


e Primary lymphoma presents in male as multiple polypoid 
masses projecting into the urethral lumen with homoge- 


neously intermediate to high signal intensity on  Fig.14.17 Urethral melanoma. A darkly pigmented nodular neoplasm 


T2-weighted images. On contrast-enhanced scans, the is present in the distal urethra; histologically, it was melanoma (From 
i Ro JY, Amin MB, Ayala AG. Penis and scrotum. In: Bostwick DG, 


tumor shows moderate enhancement. . Cheng L, editors. Urologic surgical pathology. 2nd ed. Edinburgh: 
e Leiomyosarcoma is isointense to muscle on Tl-weighted Mosby/Elsevier; 2008, p. 930, with permission) 


images, inhomogeneously hyperintense to muscle on 
T2-weighted images, and displays inhomogeneous con- 


trast enhancement after gadolinium administration such as the bladder, prostate, or penis. Involvement of 


(Fig. 14.19). 

Secondary urethral tumors may present in men as 
isolated masses along the course of the urethra or as 
tumor tissue invading the urethra from adjacent organs 


the female urethra by extraurethral malignancy most 
commonly occurs by contiguous extension from 
adjacent organs such as the bladder, cervix, and vagina 
(Fig. 14.20). 
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Fig. 14.18 Urethral melanoma. 
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Fig. 14.19 Female patient. Leiomyosarcoma of the urethra. (a-c) ium administration (c). (d) Coronal T2-weighted image demonstrates 
Axial MR images show a lesion (*) isointense to muscle on Tl-weighted the tumor (*) infiltrating the urinary bladder (curved arrow) and the 
images (a), inhomogeneously hyperintense to muscle on T2-weighted periurethral adipose tissue (arrowheads) 

images (b), with inhomogeneous contrast enhancement after gadolin- 


14 Neoplasms of the Urethra 


365 


Fig 14.19 (Continued) 


Fig. 14.20 Male patient with metastatic involvement of the urethra 
from bladder cancer. Longitudinal T2-weighted MR image showing 
recurrent tumor (M) infiltrating the corpus spongiosum (curved arrow) 
and the corpora cavernosa (*). The tunica albuginea of the corpora cav- 
ernosa is interrupted (arrowheads) at the base of the penis 


Urethral Polyp 


General Information 

e Fibrous polyps of the male urethra are congenital and 
arise near the verumontanum. They are mostly seen in 
children but occasionally are found also in adolescent and 
adults. 


Imaging 

Urethrography 

e Polyps of the prostatic urethra are difficult to identify. 
When large, they usually present as smooth, extrinsic 
polypoid filling defects with a superior stalk within the 
prostatic urethra which prolapse during voiding. 


Ultrasound 
e Prostatic urethral polyps present as round, hyperechoic 
masses with smooth surface in the posterior urethra. 


Computed Tomography 

e The role of CT is limited in evaluation of benign urethral 
tumors as well. In fact, the lesion is often difficult to be 
identified, cannot be clearly delineated from adjacent tis- 
sues, due to insufficient contrast resolution, and cannot be 
differentiated from urethral malignancies. 
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Fig. 14.21 Congenital urethral 
polyp. The lesion is from a 
7-year-old male who presented 
with urethral bleeding and was 
noted to have a long thin polyp 
that was based in the prostatic 
urethra but protruded down into 
the bulbous urethra. It is 
composed of a fibrovascular core 
lined by normal urothelium 
(From MacLennan GT, Resnick 
MI, Bostwick DG. Pathology for 
urologists. Philadelphia: 
Saunders; 2003, with 
permission) 


Pathology 

e Congenital urethral polyp is a rare lesion found only in 
males, most of whom present between the ages of 6 and 
9 years with obstructive or irritative voiding symptoms, 
hematuria, or urethral bleeding. Although most arise in 
the prostatic urethra near the verumontanum, some are 
based in the distal urethra. The polyp is composed of a 
stalk containing blood vessels, loose fibrous tissue, and 
sometimes smooth muscle, covered by urothelium, which 
may show reactive or reparative features or ulceration 
(Fig. 14.21). Urethral polyps in females are attributed to 
urethral mucosal prolapse that has developed polypoid 
characteristics (Fig. 14.22). 


Leiomyoma 


General Information 

e Leiomyoma is the most common benign tumor of 
the female urethra. It is relatively rare, with approxi- 
mately 110 cases reported in the literature till 1995. 
Leiomyomata of the male urethra are very rare, with only 
few cases reported. Fibromas, fibromyomas, neurinomas, 
neurofibromas, and adenomas have also been reported. 


Imaging 

Urethrography 

e Leiomyomata and angiomas of the female urethra present 
with extrinsic compression of the urethral lumen 
(Fig. 14.23). 


Ultrasound 
e Leiomyoma of the female urethra typically presents as a 
solid, hypoechoic mass located inside the periurethral 
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Fig. 14.22 Urethral polyp. This is an adult female with urethral bleed- 
ing and spotting. A polypoid mucosal lesion was found. It was a benign 
polyp lined by normal urothelium (Image courtesy of Howard Goldman, 
M.D.) 


tissues with smooth, well-defined margins, usually highly 
vascularized at color Doppler interrogation. The lesion is 
usually homogeneous but larger masses can be inhomo- 
geneous (Fig. 14.24). 


Magnetic Resonance Imaging 

e MR imaging appearance of leiomyoma of the female ure- 
thra and of prostatic urethral polyps has been reported. 
These lesions are sharply demarcated from the surround- 
ing tissues, usually isointense to muscles on T1-weighted 
images, hyperintense to muscle on T2-weighted images, 
and show homogeneous enhancement after gadolinium 
administration. 
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Fig. 14.23 Female patient. Paraurethral leiomyoma. Voiding cystoure- 
thrography shows extrinsic compression on the posterior aspect of the 
urethra (arrowhead) 


Fig. 14.24 Leiomyoma of the female urethra. Sagittal transvaginal 
scan showing a hypoechoic solid mass (curved arrows) with marked 
vascularity at color Doppler interrogation 


Pathology 


Paraurethral or urethral leiomyomas occur almost 
exclusively in women and generally present as an anterior 
vaginal wall mass or a mass that protrudes from the ure- 
thral meatus. 

Grossly, they appear as well-circumscribed white nodules 
without necrosis (Fig. ). 

Microscopically, they consist of intersecting bundles of 
smooth muscle cells with oval- to cigar-shaped, centrally 
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Fig. 14.25 Urethral leiomyoma. This adult female developed a mass 
that protruded from the urethral meatus. In this image, the lesion has 
been grasped by a forceps and is being excised, with preservation of 
normal adjacent structures (Image courtesy of Howard Goldman, 
M.D.) 


located, and blunt-ended nuclei and moderate to abundant 
eosinophilic cytoplasm (Fig. )). 

e Significant nuclear atypia, mitotic activity, and necrosis 
are absent. Typically, cellularity is limited, and myxoid 
change and necrosis are absent. 

e Tumor cells show positive immunostaining for desmin, a 
smooth muscle marker. 


Other Benign Tumors 


e Among benign tumors of the urethra, viral papillomata 
present as multiple papillary filling defects on urethrogra- 
phy involving the penile and distal bulbous urethra for a 
variable tract. The appearance is characteristic when the 
entire urethra is involved (Fig. ), but often only small 
isolated defects may be seen in the anterior portion of the 
lumen. 

e As regards other benign urethral tumors, MR imaging 
helps accurately define tumor location and extent; imag- 
ing characteristics, however, often overlap with those of 
malignant neoplasms. 


Differential Diagnosis 


e When a narrowing of the urethral lumen is identified at 
urethrography in men, a wide series of lesions presenting 
with filling defects may enter in the differential diagnosis 
with tumors. Besides benign strictures following infec- 
tion, trauma, or iatrogenic maneuvers, stones and con- 
genital cysts should be considered. 
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Fig. 14.26 Urethral leiomyoma. 
Intersecting fascicles of bland 
uniform spindle cells lacking 
significant nuclear atypia, mitotic 
activity, or necrosis. Cells show 
positive immunostaining for 
desmin (inset) 


oval masses with variable echogenicity which may mimic 
a solid lesion. 

Although extremely rare, urethral sarcoidosis should be 
considered in patients with urethral masses and other 
localizations of the disease. 

Color Doppler interrogation helps in the differential diag- 
nosis between tumors, which usually display color sig- 
nals, and cysts or non-neoplastic lesions which lack 
internal vascularity. Wall vascularity, however, is usually 
observed in periurethral cysts as well as when inflammatory 
changes are present. 


Fig. 14.27 Male patient. Retrograde urethrography showing viral pap- 
illomata presenting with diffuse filling defects 


Pearls and Pitfalls 
¢ Tumors of the female urethra should be differentiated at 


urethrography from other lesions presenting with filling ° Imaging is not sufficiently sensitive and specific for diag- 


defects such as inflammatory changes, urethrocele, ure- 
thral diverticulum, and sarcoidosis. 

Ultrasound and MR imaging allow evaluating extrinsic 
urethral strictures and lead to diagnosis of malignancy 
when urethral masses infiltrating the adjacent structures 
are detected. Cysts, stones, and diverticula can be 
characterized. 

Some periurethral cysts, however, may have echogenic 
content and may be difficult to differentiate from solid 
periurethral lesions. 

Also, periurethral bulking agents injected for the treat- 
ment of urinary incontinence may present at ultrasound as 


nosis of urethral tumors. 

In male patients, small urethral tumors often are not rec- 
ognized at urethrography or misinterpreted and treated for 
a long time as benign strictures. Diagnosis is frequently 
obtained only late, when a palpable perineal mass is 
appreciable clinically. Also, diagnosis of female urethral 
cancer is usually delayed. The symptoms of the disease, 
in fact, are often limited and nonspecific. Moreover, a 
small polypoid urethral cancer in a female patient may be 
misdiagnosed clinically as a urethral caruncle, and the 
correct diagnosis hinges upon histopathologic evaluation 
after removal of the lesion. 
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e In large tumors, imaging is useful to confirm the presence 
of a mass and to assist in staging the neoplasm. 

e While urethrography fails to reveal tumor invasion of the 
urethral wall, corpus spongiosum, and adjacent structures, 
ultrasound and MR imaging allow evaluation of periure- 
thral tissues and are useful for local staging of the disease. 
Inflammatory changes, however, can produce edema, 
fistulas, abscesses, and other alterations in the periurethral 
tissues indistinguishable from tumor extension, possibly 
resulting in overstaging. 
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magnetic resonance imaging, 193 
pathology, 195 
plain film radiography, 192-193 
ultrasonography, 193, 194 
Acute tubular necrosis (ATN), 198, 211 
Adenocarcinoma 
of bladder 
characteristics, 315 
computed tomography, 316 
intravenous pyelography, 315 
magnetic resonance imaging, 316-317 
pathology, 317, 318 
ultrasound, 316 
of renal pelvis, 257-263 
Adult onset autosomal dominant polycystic kidney disease (ADPKD) 
characteristics, 109 
computed tomography, 109, 110 
differential diagnosis, 111 
magnetic resonance imaging, 110, 111 
pathology, 110-111 
ultrasound, 109 
Alport syndrome, 141, 143 
American Association for the Surgery of Trauma (AAST), 269, 270 
American Association for the Surgery of Trauma-Organ Injury Scale 
(AAST-OIS), 276 
Angiomyolipoma (AML), 5-9 
Angiotensin-converting enzyme (ACE), 150 
Antegrade pyelography 
acute renal failure, 193 
urothelial carcinoma, 242—243 
Antineutrophil cytoplasmic antibodies (ANCA), 189 
Appendicitis, 139 
ARF. See Acute renal failure (ARF) 
Arteriovenous fistulas, 160, 162, 204, 205 
Arteriovenous malformation (AVM) 
characteristics, 160, 162 
computed tomography, 162-164 
differential diagnosis, 164 
intravenous pyelography, 162 
magnetic resonance imaging, 164 
nuclear scintigraphy, 164 
pathology, 164 
ultrasound, 162-164 
Atazanavir, 122 
Atherosclerotic renovascular disease 
characteristics, 145 
computed tomography, 150-152 
differential diagnosis, 156-157 
intravenous pyelography, 146 
magnetic resonance imaging, 150, 153-154 
nuclear scintigraphy, 150, 154 
pathology, 154-156 
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Atherosclerotic renovascular disease (cont.) 
plain film radiography, 146 
ultrasonography, 146-149, 157-158 


Autosomal recessive polycystic kidney disease (ARPKD) 


characteristics, 112 
computed tomography, 112 
differential diagnosis, 112-113 
intravenous pyelography, 112 
pathology, 112, 115 
ultrasound, 112-115 
AVM. See Arteriovenous malformation (AVM) 


B 
Benign renal neoplasms 
classification, 1, 2 
mesenchymal 
angiomyolipoma, 5-9 
congenital mesoblastic nephroma, 16-18 
hemangioma, 13—14 
juxtaglomerular, 9-11 
leiomyomas, 9, 11—12 
lymphangiomas, 12-14 


renomedullary interstitial cell tumor, 14-16 


schwannoma, 15-17 
metanephric 
adenofibroma, 5 
adenoma, 3—5 
stromal tumor, 5 
mixed epithelial and mesenchymal tumors 
cystic nephroma, 16-20 
epithelial and stromal tumor, 20-21 
oncocytoma, 1—4 
papillary adenomas, 2-3 
Bifid and duplex ureter, 226-232 
Birt-Hogg-Dubé (BHD) syndrome, 31 
Bladder calculi 
characteristics, 287—288 
computed tomography, 288 
differential diagnosis, 287, 288 
intravenous pyelography, 288 
magnetic resonance imaging, 288-289 
pathology, 288, 289 
ultrasound, 288 
Bladder contusion, 331 
Bladder diverticulum 
characteristics, 285 
computed tomography, 285, 286 
differential diagnosis, 287 
intravenous pyelography, 285 
magnetic resonance imaging, 285 
pathology, 285-287 
ultrasound, 285, 286 
Bladder fistulae 
characteristics, 289-290 
differential diagnosis, 290 
imaging, 290-292 
pathology, 290, 292 
Bladder herniation 
characteristics, 283 
computed tomography, 284 
differential diagnosis, 284 
intravenous pyelography, 283 
ultrasound, 283, 284 


Bladder trauma. See Urinary bladder (UB) trauma 


Bladder wall thickening 
characteristics, 290-291 
computed tomography, 292, 293 


C 


differential diagnosis, 292 
intravenous pyelography, 291 
pathology, 292 

ultrasound, 291, 293 


Calcified nevus, 127 

Calcium oxalate stones, 121 

Calyceal diverticulum, 213-215 
Chromophobe RCC, 34-36 

Chronic interstitial nephritis (CIN), 191-192 
Chronic pyelonephritis 


characteristics, 69 

computed tomography, 70 
differential diagnosis, 71 
intravenous pyelography, 69—70 
pathology, 70-72 

ultrasound, 70, 71 


Clear cell carcinoma, 31-33 
Collecting duct carcinoma, 36-38 
Combined rupture, 331 

Complex renal cyst, 99-102 
Computed tomography (CT) 


acute bacterial pyelonephritis, in children, 67 
adenocarcinoma, 316 
ADPKD, 109, 110 
angiomyolipoma, 6, 8 
ARPKD, 112 
arteriovenous malformations, 162—164 
atherosclerotic renovascular disease, 150-152 
chronic pyelonephritis, 70 
cystic nephroma, 19 
emphysematous pyelonephritis, 81, 83 
juxtaglomerular, 13 
leiomyomas, 11 
lymphangiomas, 13 
metanephric adenoma, 4 
nonneoplastic disorders 
bladder calculi, 288 
bladder diverticulum, 285, 286 
bladder herniation, 284 
bladder wall thickening, 292, 293 
oncocytoma, 1-3 
pyonephrosis, 78-79 
renal and perirenal abscess, 76-78 
renal artery aneurysms, 166, 169 
renal cell carcinoma, 21, 24 
renal hydatid cyst disease, 86, 88, 89 
renal infarction, 170 
renal malakoplakia, 88 
renal pelvis and ureter trauma, 276, 277 
renal trauma, 272—275 
renal tuberculosis, 91, 92 
renal vein thrombosis, 180-181 
small-cell carcinoma, 318 
squamous cell carcinoma, 314-315 
transitional cell carcinoma, 298, 300, 302-304 
urachal abnormalities, 279-281 
urinary bladder trauma, 330-331 
urothelial carcinoma, 244-249 
xanthogranulomatous pyelonephritis, 82, 84-86 


Congenital anomalies, of urethra 


anterior urethral valve, 335 
congenital diverticula, 335-336 
congenital fistula, 336 
congenital stenosis, 335 
duplication, 336 
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groove malformations 
anatomic variations, 336 
differential diagnosis, 338, 340, 341 
epispadias, 336 
hypospadias, 336 
pathology, 338, 340 
plain film radiography, 336-338 
ultrasound, 337—338 
lacuna magna, 335 
megalourethra, 336 
posterior urethral valves, 335 
Congenital diverticula, 335-336 
Congenital fistula, 336 
Congenital mesoblastic nephroma (CMN), 16-18 
Congenital stenosis, 335 
Congenital ureteral strictures, 232, 233 
Cortical nephrocalcinosis (CN), 140-141 
Cyclosporine toxicity, 210-211 
Cystic diseases, of kidney 
classification, 95 
genetic 
ADPKD, 109-112 
ARPKD, 112-115 
glomerulocystic kidney disease, 116-117 
multiorgan syndromes, 117—118 
nephronophthisis, 113, 116 
nongenetic 
complex cyst, 99-102 
cystic neoplasia, 105—107 
cystic renal cell carcinoma, 106-107 
medullary sponge kidney, 107—109 
multicystic dysplastic kidney, 102-105 
multilocular cystic nephroma, 105—106 
parapelvic cysts, 97-99, 101 
simple cortical cyst, 96-98 
ultrasonography, 96 
Cystic neoplasia, 105-107 
Cystic nephroma 
characteristics, 17—18 
computed tomography, 19 
magnetic resonance imaging, 19 
pathology, 19-20 
ultrasound, 19 
Cystic partially differentiated nephroblastoma, 44, 46—47 
Cystic renal cell carcinoma, 106-107 
Cystine stones, 121 
Cystography 
bladder herniation, 283 
urinary bladder trauma, 330-331 


D 

Diabetic nephropathy, 188 
99mTc-diethylenetriaminepentaacetic acid (DTPA), 173, 181 
Tc99m-dimercaptosuccinic acid (DMSA) scintigraphy, 173 


E 

Emphysematous pyelonephritis (EPN) 
characteristics, 80 
computed tomography, 81, 83 
differential diagnosis, 81-82 
intravenous pyelography, 81, 83 
pathology, 81, 84 
ultrasound, 81, 83 

Epithelial tumors 
adenocarcinoma, 257—263 
benign, 239-240 


malignant, 240-256 
squamous cell carcinoma, 256-257 


Extracorporeal shock wave lithotripsy (ESWL), 141, 143 
Extramedullary hematopoiesis (EMH), 56, 57 


Extraperitoneal rupture, 33, 331 


F 

Fibroepithelial polyp, 264 

Fibromuscular dysplasia (FMD) 
characteristics, 158 
differential diagnosis, 160 
imaging and pathology, 160 
RAS causes, 161 
ultrasonography, 158-159 

Fistulas, 352-353 

Furosemide stones, 121 


G 

Gallbladder stone, 126 

Genetic renal disease 
ADPKD, 109-112 
ARPKD, 112-115 


glomerulocystic kidney disease, 116-117 


multiorgan syndromes, 117—118 
nephronophthisis, 113, 116 
Glomerular disease, 185-186 


Glomerulocystic kidney disease (GCKD), 116-117 


Graft infection, of renal transplantation 
computed tomography, 207 
differential diagnosis, 208 
neoplasms, 209-210 
stone disease, 208, 209 
ultrasonography, 206-207 


H 

Hemangioma, 13-14 

Hemolytic-uremic syndrome (HUS), 190 
Hepatorenal syndrome, 193 

Hereditary leiomyomatosis RCC, 29-31 
Hereditary papillary RCC, 29, 30 


HIV-associated nephropathy, 74-76, 195-196 


I 
Iatrogenic renal injuries, 276 
Indinavir, 122 
Inflammatory conditions, of kidney 
acute bacterial renal infection 
in adults, 67—70 
in children, 65-67 
chronic pyelonephritis, 69-71 


emphysematous pyelonephritis, 80-84 


HIV-associated nephropathy, 74—76 
pyonephrosis, 77-81 

renal and perirenal abscess, 76-80 
renal hydatid cyst disease, 84—90 
renal malakoplakia, 87-91 

renal tuberculosis, 90-93 


vesicoureteral reflux and reflux nephropathy, 71-75 
xanthogranulomatous pyelonephritis, 82-87 


Inflammatory diseases, 338—344 


Inflammatory myofibroblastic tumor, 266-267 
Inflammatory pseudotumor (IPT), 56, 58-59 


Interstitial injury, 331 
Intradiverticular tumors, 321—323 
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Intraperitoneal rupture, 331, 332 
Intravenous pyelography 
adenocarcinoma, 315 
ARPKD, 112 
arteriovenous malformations, 162 
atherosclerotic renovascular disease, 146 
bladder calculi, 288 
bladder diverticulum, 285 
bladder herniation, 283 
bladder wall thickening, 291 
malakoplakia, 294 
megaureter, 221 
renal artery aneurysms, 165 
renal trauma, 270 
transitional cell carcinoma, 298 
ureterocele, 225 
ureteropelvic junction obstruction, 215 
urothelial carcinoma, 240, 241 
Inverted papilloma, 240 
Inverted urothelial papilloma 
characteristics, 309-310 
pathology, 311, 314 
ultrasound, 310-311 


J 


Juxtaglomerular neoplasm/reninoma, 9-11 


L 

Lacuna magna, 335 
Lasix/furosemide stones, 121 
Leiomyoma, 366-367 
Leiomyomas, 9, 11—12, 264 
Leiomyosarcoma, 319-321, 363 
Lynch type II syndrome, 31 


M 
Magnetic resonance imaging (MRI) 
acute bacterial pyelonephritis (ABP), in children, 67 
adenocarcinoma, 316-317 
angiomyolipoma, 7, 8 
arteriovenous malformations, 164 
atherosclerotic renovascular disease, 150, 153-154 
bladder calculi, 288—289 
bladder diverticulum, 285 
cystic nephroma, 19 
juxtaglomerular, 13, 14 
leiomyomas, 12 
lymphangiomas, 13 
malakoplakia, 294 
metanephric adenoma, 4 
oncocytoma, 2, 3 
papilloma, 307 
pyonephrosis, 79 
renal artery aneurysms, 168, 169 
renal cell carcinoma, 21, 24 
renal hydatid cyst disease, 86, 88—90 
renal infarction, 173, 174 
renal malakoplakia, 88 
renal vein thrombosis, 180, 181 
small-cell carcinoma 
squamous cell carcinoma, 315 
stricture, 352 
transitional cell carcinoma, 300-301, 304 
urachal abnormalities, 280 
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urothelial carcinoma, 246, 248-251 
vesicoureteral reflux, 72, 73 
xanthogranulomatous pyelonephritis, 82, 85 
Malakoplakia, 237 
characteristics, 292—293 
intravenous pyelography, 294 
magnetic resonance imaging, 294 
pathology, 294-295 
Medical renal diseases 
acute renal failure, 192—195 
diabetic nephropathy, 188 
glomerular disease, 185-186 
HIV nephropathy, 195-196 
renal amyloidosis, 186-188 
small-vessel vasculitis in kidney, 188-190 
thrombotic microangiopathies, 190-191 
tubulointerstitial disease, 191-192 
Medullary carcinoma, 37-39 
Medullary cystic disease, 113, 116 
Medullary fibroma. See Renomedullary interstitial 
cell tumor 
Medullary nephrocalcinosis, 141 
Medullary sponge kidney (MSK), 107-109 
Megacalycosis, 215-218 
Megalourethra, 336 
Megaureter, 220-225 
characteristics, 220 
computed tomography, 222 
intravenous pyelography, 221 
magnetic resonance imaging, 222—224 
non-refluxing and non-obstructed, 220-221 
nuclear scintigraphy, 224—225 
obstructed, 220, 221 
refluxing, 220, 221 
ultrasound, 221—223 
voiding cystourethrography, 221 
Mesenchymal renal neoplasms 
angiomyolipoma 
characteristics, 5—7 
computed tomography, 6, 8 
magnetic resonance imaging, 7, 8 
pathology, 8—9 
ultrasound, 5, 6, 8 
congenital mesoblastic nephroma, 16-18 
hemangioma, 13—14 
juxtaglomerular 
computed tomography, 13 
magnetic resonance imaging, 13, 14 
ultrasound, 13, 14 
leiomyomas 
characteristics, 9 
computed tomography, 11 
magnetic resonance imaging, 12 
pathology, 12 
ultrasound, 11 
lymphangiomas 
characteristics, 12 
computed tomography, 13 
magnetic resonance imaging, 13 
pathology, 13, 14 
ultrasound, 12-13 
renomedullary interstitial cell tumor, 14-16 
schwannoma, 15-17 
Metanephric neoplasms 
adenofibroma, 5 
adenoma, 3-5 
stromal tumor, 5 
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Metastases, 55—56 

Mid-ureteric stone, 125 

Millimetric calyceal stones, 131 

Mixed epithelial and stromal tumor of kidney 
(MESTK), 20-21 

Mucinous tubular and spindle cell carcinoma, 40-42 
Multicystic dysplastic kidney, 102-105 
Multidetector computed tomography (MDCT), 150 
Multilocular cystic nephroma (MLCN), 105-106 
Multilocular cystic RCC, 35-37 

Multilocular cystic renal tumor, 19 

Multiorgan syndromes, 117—118 


N 
Neoplasms 
of bladder 
adenocarcinoma, 315-318 
differential diagnosis, 325-327 
imaging, for metastases diagnosis, 323-324 
intradiverticular tumors, 321—323 
leiomyosarcoma, 319-321 
non-transitional cell carcinomas, 317 
papilloma, 306-311, 313, 314 
rhabdomyosarcoma, 321, 322 
small-cell carcinoma, 317—319 
squamous cell carcinoma, 314-315 
staging, 324 
transitional cell carcinoma, 297-313 
types, 297 
of renal pelvis and ureter 
adenocarcinoma, 257—263 
Antopol-Goldman lesion, 264, 266 
benign, 239-240 
epithelial tumors. (See Epithelial tumors) 
inflammatory myofibroblastic tumor, 266-267 
malignant, 240-256 
nonepithelial tumors, 260, 264, 265 
squamous cell carcinoma, 256-257 
of urethra 
benign tumors, 367, 368 
differential diagnosis, 367—368 
leiomyoma, 366-367 
leiomyosarcoma, 363 
malignant melanoma, 362-364 
polyps, 365-366 
primary urethral carcinoma, 355-361 
urethral metastases, 362, 363 
Nephroblastoma, 40, 42-46 
Nephronophthisis (NPH), 113, 116 
Nonepithelial tumors 
benign, 260, 264 
malignant, 264, 265 
Nongenetic renal disease 
complex cyst, 99-102 
cystic neoplasia, 105—107 
cystic renal cell carcinoma, 106-107 
medullary sponge kidney, 107—109 
multicystic dysplastic kidney, 102-105 
multilocular cystic nephroma, 105-106 
parapelvic cysts, 97-99, 101 
simple cortical cyst, 96-98 
Nonneoplastic disorders 
of bladder 
bladder calculi, 287—289 
bladder diverticulum, 285-287 
bladder fistulae, 289-292 
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bladder herniation, 283—284 
bladder wall thickening, 290-293 
malakoplakia, 292-295 
urachal abnormalities, 279-283 
of renal pelvis and ureter 
acquired disorders, 234-237 
congenital disorders, 213—234 
Non-refluxing, non-obstructed megaureter, 
220-221 
Nuclear scintigraphy 
arteriovenous malformations, 164 
atherosclerotic renovascular disease, 150, 154 
renal infarction, 173 
renal vein thrombosis, 181 
transitional cell carcinoma, 301, 304, 306 
ureteropelvic junction obstruction, 219 
Nutcracker syndrome, 182-183 


(0) 
Obstructed megaureter, 220, 221 
Oncocytoma 
characteristics, 1 
computed tomography, 1-3 
magnetic resonance imaging, 2, 3 
pathology, 2—4 
ultrasound, 1, 2 
Oncocytomatosis, 31 
Oxalate stones, 121 


P 
Page kidney, 206, 208 
Papillary adenomas, 2-3 
Papillary RCC, 32, 34-35 
Papillary urothelial carcinoma, 305, 307, 308. 
See also Urothelial carcinoma 
Papilloma 
characteristics, 306 
inverted urothelial, 309-311, 314 
magnetic resonance imaging, 307 
pathology, 309, 313 
ultrasound, 307 
Parapelvic cysts, 97-99, 101 
Parenchymal complications/graft dysfunction 
characteristics, 197—198 
differential diagnosis, 199 
imaging, 198-199 
vascular disease, 200 
Partial nephrocalcinosis, 76 
Perirenal hematoma, 276 
Peritransplant fluid collections, 206, 207 
Phlebolith, 137 
Polyarteritis nodosa (PAN), 166 
Positron emission tomography, 57, 60-62, 
210, 304 
Posttransplant lymphoproliferative disorder (PTLD), 56 
Pseudoaneurysms, 204, 205 
Pseudodiverticulosis, 234, 236 
Pyonephrosis 
characteristics, 77—78, 80 
computed tomography, 78-79 
differential diagnosis, 80 
intravenous pyelography, 78 
magnetic resonance imaging, 79 
pathology, 80, 81 
ultrasound, 78, 80 
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R 
RAA. See Renal artery aneurysms (RAA) 
RCC. See Renal cell carcinoma (RCC) 
Reflux megaureter, 220, 221 
Renal amyloidosis, 186-188 
Renal and perirenal abscess 
characteristics, 76-79 
computed tomography, 76-78 
differential diagnosis, 76-77 
intravenous pyelography, 76 
pathology, 76, 79 
ultrasound, 76-78 
Renal artery aneurysms (RAA) 
characteristics, 165 
computed tomography, 166, 169 
differential diagnosis, 170 
intravenous pyelography, 165 
magnetic resonance imaging, 168, 169 
pathology, 170 
ultrasound, 165-168 
Renal artery stenosis (RAS), 200-202 
Renal artery thrombosis (RAT), 200, 202, 203 
Renal calculus disease 
Alport syndrome, 141, 143 
characteristics, 121 
cortical nephrocalcinosis, 140-141 
differential diagnosis, 141-143 
extracorporeal shock wave lithotripsy, 141, 143 
medullary nephrocalcinosis, 141 
plain film radiography 
appendicitis, 139 
calcified nevus, 127 
computerized tomography, 132-139 
gallbladder stone, 126 
magnetic resonance imaging, 139-140 
mid-ureteric stone, 125 
millimetric calyceal stones, 131 
phlebolith, 137 
rim sign, 133, 135 
staghorn calculi, 122-124 
steinstrasse, 136, 138 
tail sign, 136 
ureteral stones, 130 
ureterolithiasis, 134-135 
ureter stone, 129 
urinary stone types, 121—122 
Renal cell carcinoma (RCC) 
characteristics, 20-21 
computed tomography, 21, 24 
familial 
Birt-Hogg-Dubé syndrome, 31 
hereditary leiomyomatosis RCC, 29-31 
hereditary papillary RCC, 29, 30 
Lynch type II syndrome, 31 
oncocytomatosis, 31 
tuberous sclerosis complex, 29 
Von Hippel-Lindau disease, 28-30 
histological 
chromophobe RCC, 34-36 
clear cell carcinoma, 31-33 
collecting duct carcinoma, 36-38 
medullary carcinoma, 37-39 
mucinous tubular and spindle cell carcinoma, 
40-42 
multilocular cystic RCC, 35-37 
papillary RCC, 32, 34-35 
translocation carcinoma, 39-41 
magnetic resonance imaging, 21, 24 


pathology, 19-20 
staging 
CT and MRI role, 24-28 
postsurgical follow-up, 29 
ultrasound role, 26, 28-29 
ultrasound, 21—23 
Renal hydatid cyst disease 
characteristics, 84 
computed tomography, 86, 88, 89 
differential diagnosis, 86-87 
intravenous pyelography, 84—86, 88, 89 
magnetic resonance imaging, 86, 88—90 
pathology, 86 
Renal infarction 
characteristics, 170, 171 
computed tomography, 170 
differential diagnosis, 176 
magnetic resonance imaging, 173, 174 
nuclear scintigraphy, 173 
pathology, 174-176 
ultrasound, 170-171 
Renal lymphoma, 49, 51-54 
Renal malakoplakia 
characteristics, 87 
computed tomography, 88 
differential diagnosis, 90 
intravenous pyelography, 88 
magnetic resonance imaging, 88 
pathology, 88—90 
ultrasound, 88 
Renal neoplasms 
benign mesenchymal 
angiomyolipoma, 5-9 
congenital mesoblastic nephroma, 16-18 
hemangioma, 13-14 
juxtaglomerular, 9-11 
leiomyomas, 9, 11—12 
lymphangiomas, 12-14 
renomedullary interstitial cell tumor, 14-16 
schwannoma, 15-17 
benign metanephric 
adenofibroma, 5 
adenoma, 3—5 
stromal tumor, 5 
classification, 1, 2 
malignant, 20, 21 


cystic partially differentiated nephroblastoma, 44, 46-47 


metastases, 55—56 
nephroblastoma, 40, 42-46 
renal lymphoma, 49, 51-54 
malignant mesenchymal, in children 
clear cell sarcoma, of kidney, 44—45, 
47, 48 
leiomyosarcoma, 45, 48-51 
renal sarcoma, 45, 49, 50 
rhabdoid tumor, 45, 48, 49 
mixed epithelial and mesenchymal tumors 
cystic nephroma, 16-20 
epithelial and stromal tumor, 20-21 
oncocytoma, 1—4 
papillary adenomas, 2-3 
positron emission tomography, 57, 60-62 
renal cell carcinoma, 20—24 (See also Renal cell 
carcinoma (RCC)) 
Renal pelvis and ureter trauma 
characteristics, 275—276 
computed tomography, 276, 277 
ultrasound, 276 
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Renal transplantation 
arteriovenous fistulas, 204, 205 
characteristics, 196-197 
cyclosporine toxicity, 210-211 
graft infection 
computed tomography, 207 
differential diagnosis, 208 
neoplasms, 209-210 
stone disease, 208, 209 
ultrasonography, 206-207 
page kidney, 206, 208 
parenchymal complications/graft dysfunction 
characteristics, 197-198 
differential diagnosis, 199 
imaging, 198-199 
vascular disease, 200 
peritransplant fluid collections, 206, 207 
pseudoaneurysms, 204, 205 
renal artery stenosis, 200-202 
renal artery thrombosis, 200, 202, 203 
renal vein stenosis, 200, 203 
renal vein thrombosis, 203—204 
urinary extravasation, 205-206 
urinary obstruction, 205 
urologic disease, 204 
Renal trauma 
characteristics, 269-272 
classification, 269 
complications, 275 
computed tomography, 272-275 
iatrogenic, 275 
intravenous pyelography, 270 
ultrasound, 271, 272 
Renal tuberculosis 
characteristics, 90 
computed tomography, 91, 92 
differential diagnosis, 93 
intravenous pyelography, 91 
pathology, 91-93 
ultrasound, 91 
Renal vein stenosis, 200, 203 
Renal vein thrombosis 
characteristics, 177 
computed tomography, 180-181 
differential diagnosis, 182 
magnetic resonance imaging, 180, 181 
nuclear scintigraphy, 181 
pathology, 181-182 
ultrasonography, 177—180 
Renal vein thrombosis (RVT), 203—204 
Reninoma, 9-11 
Renomedullary interstitial cell tumor, 14-16 
Retrocaval ureter, 232, 234 
Retrograde pyelography 
acute renal failure, 193 
congenital ureteral strictures, 232 
urothelial carcinoma, 242—243 
Retrograde urethrography 
inflammatory diseases, 339, 341-343 
stricture, 350-352 
urethral trauma, 342-343 
Rhabdomyosarcoma, 321, 322 


S 

Schwannoma, 15-17 
Simple cortical cyst, 96—98 
Small-cell carcinoma 
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characteristics, 317-318 
computed tomography, 318 
magnetic resonance imaging 
pathology, 318-320 
ultrasound, 318 
Small-vessel vasculitis in kidney, 188—190 
Spinning top urethra, 336, 337 
Squamous cell carcinoma, 256-257 
characteristics, 314 
computed tomography, 314-315 
magnetic resonance imaging, 315 
pathology, 315 
ultrasound, 314 
Staghorn calculi, 122-124 
Steinstrasse, 136, 138 
Stricture, 349-352 
Struvite stones/triple phosphate stones, 121 


T 
Thrombotic microangiopathies, 190-191 
Thyroidization, 71 
TNM staging system 
for bladder cancer, 324 
Transitional cell carcinoma, 56. See also Urothelial carcinoma 
characteristics, 297 
computed tomography, 298, 300, 302-304 
differential diagnosis 
intravenous pyelography, 298 
magnetic resonance imaging, 300-301, 304 
nuclear scintigraphy, 301, 304, 306 
pathology, 304-313 
ultrasonography, 298-302 
virtual cystoscopy, 301 
Translocation carcinoma, 39-41 
Trauma 
of renal (See Renal trauma) 
of urethra 
characteristics, 341 
computed tomography, 343, 345, 346 
intravenous pyelography, 343 
penile fracture, 341-342 
plain film radiography, 342 
retrograde urethrography, 342-343 
ultrasound, 343 
Triple phosphate stones, 121 
Tuberous sclerosis complex (TSC), 29 
Tubulointerstitial disease, 191-192 


U 
Ultrasound 
acute bacterial pyelonephritis 
in adults, 68-69 
in children, 65—67 
acute renal failure, 193, 194 
adenocarcinoma, 316 
ADPKD, 109 
angiomyolipoma, 5, 6, 8 
ARPKD, 112-115 
arteriovenous malformations, 162—164 
bladder calculi, 288 
bladder diverticulum, 285, 286 
bladder herniation, 283, 284 
bladder wall thickening, 291, 293 
chronic pyelonephritis, 70, 71 
congenital anomalies, of urethra, 337-338 
cystic nephroma, 19 
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Ultrasound (cont.) 

emphysematous pyelonephritis, 81, 83 

graft infection, of renal transplantation, 
206-207 

inflammatory diseases, 341 

inverted urothelial papilloma, 310-311 

juxtaglomerular, 13, 14 

leiomyomas, 11 

lymphangiomas, 12-13 

megaureter, 221—223 

metanephric adenoma, 4 

oncocytoma, 1, 2 

papilloma, 307 

pyonephrosis, 78, 80 

renal and perirenal abscess, 76-78 

renal artery aneurysms, 165—168 

renal cell carcinoma, 21—23 

renal infarction, 170-171 

renal malakoplakia, 88 
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